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: Claims of to^^ ( 

1. Method of making the fluorine- containing norbomene derivative that has a ketone- 
containing, structure and is expressed by the formula (2): 




[In the fonnula, Z's are same or differentahd air of them iu« 
Rf * 

— n 2-C=0 

(in the formula Rf\ R', n2 ate same as described below); Y, R, ri, m, nl are same ais 
described below], 

the method being characterized by reacting the norbomene derivative that is expressed by 
the formula (1): 

,H H 




(T)m (X)iil 
[In the formula, X's are same or differeiit, and all of them are 

(in the formulia, X' is -GOOR^ or 
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I 

(R^is an alkyl group of 1 5 carbons, is a halogen atom); is a divalent organic 
groupd, n2 is 0 or 1); Y's are same or different and it is H, F, CI, an alkyl group of 1 ~ !0 
carbons or a fluorine-containing alkyl group that may contain the ether bond of 1 10 
carbons; R's are same or different and it is an H or an alkyl group of 1 - 10 carbons; n is 
an integer of 0 - 5; m is an integer of 1— 5; nl is an integer of 1 - 5; here, m + nl = 6] 
and the fluoro alkylation agent that introduces Rf ^ (Rf ^ is a fluorine-containing alkyl 
group of 1 - 10 carbons or a fluorine-containing alkyl group having the ether boiid) into 
the X in the formula (1). 

2. Method of making the fluorine-containing norbpniene derivative that has the structure 
of fluorine- containing tertiary alcohol structure and is expressed by the fpmiulia (4): 



H H 




[In the formula, Z^'s m^e same or different a^^ 
(in the formula, Z3 is 

Rf^ Rf^ 

I 1 1 

Rf ^ Rf2 Rf ^ 

or 

(in the formula, Rf^, Rf ^ and R^ are same as described below); Rl is a divalent organic 
group; n2 is 0 or 1; Y, R, n, m and nl are same as described below] 

the method being characterized by reacting the fluoriner C^ riorbomene deri- 

vative that is expressed by the formula (3): 
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H H 




[In the formula, X^' s are same oi^'dif^^^ 

— fRi) n2-X* 
(in the formula, X* is -COOR^ group or 

III 

-c-o* -c*=*o, ^c=o, 

(in the formula, is an alkyl group of 1 - 5 carbons; is a halogen atom; R^ is H or a 
hydrocarbon group of 1 ~ 10 carbons; Rf' is a fluorine- containing alkyl group of 1-10 
carbons or a fluorine-containing alkyl group having ether bond); R' is ia divalent organic 
group; n2 is 0 or 1); Y's are same or different and it is an H, F, CI, alkyl group of 1 - 10 
carbons, a fluorine- containing alkyl group that may contain the ether bond of 1-10 
carbons; R's are same or different and it is H or an alky group of 1 ~ 10 c^bons; n is an 
integer of 0 ~ 5; m is an integer of 1 ~ 5; nl is an integer of 1 ~ 5; here, m .+ nl = 6] 
and the fluoro alkylation agent that introduces Rf^ (Rr is a fluorine- containing alkyl 
group of 1 - 10 carbons or a fluorine- containing alkyl group having ether bond) into the 
X*. 

3. The method of making described in Claim 1 in which the fluoro alkylation agent is the 
fluoro silane compound that is expressed by 

R* 
I 

I 

(in the formula, Rf' is a fluorine- containing alkyl group of 1 - !0 carbons or a fluorine- 
containing alkyl group having the ether boiid; R'*, R^, R* are same of different and they 
are hydrocarbon group of 1 ~ 10 carbons). 
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4, The method of making described in Claim 2 in which the fluoro alkylation agent is tfie 
fluoro silane compound that is expressed by 

I 

I 

(in the formula, Rf^ is a fluorine- containing alkyl group of 1 10 carbons or a fluorine- 
containing alkyl group having the ether bond; R"*, R^, R are same of different and they 
are hydrocarbon group of 1-10 carbons). 

5. The norbornene derivative that has the ketone-contaiiiing structure and is explressed by 
the formula (5): 



H H 




[In the formula, Z^'s are same or different and they are 

I. • ■ ^' 

(in the formula, Rf^ is a fluorine- containing alkyl group of 1 10 carbons or a fluorine^ 
.containing alkyl group having the ether bond; Y's are same or different and it is H, F, CI, 
alkyl group of 1 - 10 carbons or a fluorine- containing alkyl group that may contain ether 
bond of 1 ~ !0 carbons; R's are same or different and it is H or alkyrgroup of 1 10 
carbons; n is an integer of 0-5; m is an integer of 1 - 5; nl is an integer of 1 ~ 5; here, 
m + nl =6]. 

6. Norbornene derivative hat has the fluorine- containing ketone structure and is 
expressed by the formula (6): 
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(In the fonnula, Rf^ is a fluorine- containing alkyl group of 1 ~ 10 6arboivs or a fluorine- 
containing alkyl group having the ether bond; Y's are same or different and it is H, F, CI, 
alkyl group of 1 ~ 10 carbohs br a fluorine- containing alkyl group that may contain ether 
bond of 1 ~ 10 carbons; R's are same or different and it is H or alkyl group of 1 ~ 10 
carbons; n is an integer of 0-5; m is 5) or by the fonnula (7): 



H H 




(In the formula, Rf^ is a fluorine- containing alkyl group of 1~ 10 carbons or a fluorine- 
containing alkyl group having the ether bond; Y's are same or different and it is H, F, CI, 
alkyl group of 1 ~ 10 carbons or a fluorine- containing alkyl group of 1 ~ 10 carbons that 
may contain ether bond; R's are same or different and it is H or alkyl group of 1 ~ 10 
carbons; n is an integer of 0 ~ 5; m is 4). 

7. Noibomene derivative having the fluorine^ containing ketone structure described in 
Claim 5 or 6 in which the Rf' in the formulas (5), (6), (7) is CF3. 

8. Norbomene derivative that has the fluorine- containing alcohol structure and is 
expressed by the formula (8): 
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[In the fonnula, Z*'s are same or different and all of them are 

"I . ■ 

■I 

(in the fonnula, Rf*'s are same ordiff(?rent:andithey are fluorinp- cot group 

of 1 ~ 10 carbons or a fluorineT containing alkyl group haying^ A^ 

hydrocarbon group of 1 ~ 10 carbons; Y's are sane or differe^nt and ihcy i^H.rP,JCi, 

alkyl group of 1 ~ lO carbons or fluorine- cont^dning alkyl grQup whjyc^ 

ether bond of 1 ~ 10 carbons; R's are same or different and it is H or alkyl group olF i ~ 

10 carbons; n is an integer of 0 - 5; m is a»,integer of 1 .~ 5; nl is an integer of 1 - 5; 

herem + nl = 6]. 

9. Norboniene derivative that has the fluorine- containing alcohol structure 
expressed by the formula (9): 




[In the fonnula, Z^'s are same or different and all of them a^^ 

-e-oH 

■ R f 

(in the formula^ Rf*, Rf are same or different and they are fluorine- containing alkyl 
group of 1 ~ 10 carbons or a fluorine- containing alkyl group having the eiher bond; Y'is 



14 



are same or different and they are H, F, CI, alkyl group of 1 ~ 10 carbons or fluorine- 
containing alkyl group which may contain ether bond of 1 10 carbons; R's are same or 
different and it is H or alkyl group of 1 10 carbons; n is an integer of 0 ~ 5; m is an 
integer of 1 5; nl is an integer of 1 - 5; here m + nl = 6]. 

10. NoAomene derivative that has the fluorine- containing alcohol structure and is 
expressed by the formula (10): 




(in the formula, Rf*, Rf^ are same or different and they are fluorine- containing alkyl 
group of 1 ~ JO carboiis or a fluorine- cdhtaining lilkyl group having the ether bond; Y's 
are same or different and they are H, F, Glv alkyl group of 1 - 10 carbons or fluorine- 
containing alkyl group whic^^ may contiaih ether bond of 1 - 10 carboiis; R's are sanie or 
different and it ijs H or alkyl 

11, Norbomene derivative thai has the fluorine- eoritMnittg alcohol structure described in 
Claim 9 or 10 in which at least one of the substitution group Y in the formulas (9) or (10) 
is a fluorine-, containing alkyl group that may contain F or ether bond of 1 10 carbons. 

12. Norbomene derivative that has the fluorine- containing alcohol structure and is 
expressed by the formula (1 1): 




UfP/ (Y)4 

(in the formula, Rf*, Rf^ are same or different and they are fluorine- containing alkyl 
group of 1 - 10 carbons or a fluorine- containing alkyl group having the ether bond;, Y' s 
are same or different and they are H, F, CI, alkyl group of 1 10 carbons or fluorine- 
containing alkyl group which may contain ether bond of 1 - 10 carbons; R's are same or 
different and it is H or alkyl group of 1 - 10 carbons; n is an integer of 0 5). 

13* Norbomene derivative that has the fluorine- containing alcohol structure and is 
expressed by the formula (12): 
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(in the fonnula, Rf*, Rf^ are same or different and they are fluorine- contaiinihg alkyl ^ 
group of 1 ~ 10 carbons or a fluorine- containing alkyl group having the ether bond; Y , 
Y^, Y^ are same or different and they are H, F, CI, alkyl group of 1 ~ 10 carbons or 
fluorine- containing alkyl group which may contain ether bond of 1— 10 carbons; R's ace 
same or different and it is H or alkyl group of 1 ~ 10 carbons; his an integer of 0~5i 
Here, at least one of Y* , Y^ Y^ is F or an fluorine- containing alkyl group that may 
contain the ether bond of 1 ~ 10 carbons). 

14. Norborhene derivative that has the fluorine- cOntmhing alcohol structure described in 
Claim 13 in whibh Y* arid Y^ are H and Y^is F orCFs- 

15. Norbomene derivative that has the fluorine- containing alcohol structure described in 
Claim 13 in which Y^ and Y^ are F and Y^ is F or CF3. 

16. Norbomene derivative that has the fluorine- containing alcohol structure described in 
any one of Claims 8 ~ 15 in wluch RE* ^^^^ V ! 

17. The norbornene derivative that has Ae fluorine- pontaining alcohol stojc^re 

ed in any one of Claims 8 r 16, the said norbprnene (lerivatiye haying the projective acid 
reactive functional group -OQ' that protects the hydrpxyl . group, 

18. The norbomene derivative described in Claim 17 in which the protective acid reactive 
functional group -OQ* is at least the one that is selected from the group consisting of 

-OC (R«) i s -OCHjOR^ -tO C Q G (R') , . 

I 



-OCHOR^ 
I 

(in the formulas, Rs R^ R' and R'' are alkyl group of 1 ~ 5 carbons); 



19. The fluorine- containing polymer of number average molecular Nveight of 500 - , 
1000,000 containing 1 ~ 99 mol % of structural unitMl,! t 99 mol%i of structural, unit 
M2 and 0 ~ 98 mol % of structural unit N, the fluorine- containing polymer being a 
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polymer that has a cyclic stracture in the polymer main chain that is expressed by the 
formula (13): 

- (Ml) - (M2) (N) - (1 3) 

(in the formula. Ml is the structural unit that originates from at least one type thatis 
selected from the fluorine-rcontaining norbomene derivative described in any one of 
Claims 5 18; M2 is an ethylene monomer of 2 or 3 carbons which is the stmctural unit 
obtained from the fluorine- containing monomer that contains at least one fluorine atom; 
N is a stmctural unit that originates from a monomer that can copolymerize with vM 
M2). 

20. Fluorine- containing polymer described in Claim 19 in which Ml/ M2 is in a mol % 
ratio of 30/70 70/30 when (Ml) + (M2) == 100 mol % i^ 

21. The fluorine- containing polymer of number average molecular weight of 500 
1000,000 containing 1 98 mol % of structural unit Ml-1, 1 - 98 mol % of stmctural 
unit Ml-2 and 1-98 mol % of structural unit M2, 0 97 mol %0f stmctural^^u^^ the 
fluorine- containing polymer being a polymer thi^t has a cyclic structujp in the pqlyi^ 
main chain that is expressed by the formula (13)-1 : 

(Ml-1) - (Ml-2) - mZ) - m - (13) -1 

(in the formula, Ml-1 is the stmctural ufiit that originates from at least one type that is 
selected from the norbomene derivative having the fluorine- eontairiihg alcohol structure 
described in any one of Claims 8 - 16; Ml-2 is the stmctural unit that originates from at 
least one type selected from the norbomene derivative having the jprotective acid reactive 
functional group described in Claim 17 or 18; M2 arid N ate die polymers haiving the 
cyclic stracture in the polymer maiih chain tfiat is expressed by tfie formula (13)), When 
(Ml-1) + (Ml-2) + M2 = 100 mol %, {(Ml-1) + (Ml-2)}/ M2 is in the ratio of 30/70- 

7o/30mQi%. ; 

22. Fluorine- containing polymer described in Claim 21 in which, when (Ml-1) + (Ml-2) 
== lOOmol %, (Ml-1)/ (Ml-2) is in the ratio of 90/10 50/50 

23. Fluorine- containing polymer that is expressed by the formula (13)-2: 
- (Ml-3> - <M2) - (N2) - (N) - (13)— 2 

(in the formula, the stmctural unit M2 is same as the formula (13); stmctural unit Ml-3 is 
what originates from at least one type selected from the norbomene derivative described 
in any one of Claims 8 18; stmctural unit N2 consists of the cyclic aliphatic unsaturated 
hydrocarbon that can co|k)lyiiierize with the monomer that constitutes and N and, 
further, it originates from the cyclic aliphatic unsaturated hydrocarbon that has the 
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COOH group or the acid- dissociating functional group which can be converted to 
carboxyl group by acid; 

structural unit N originates from the monomer that can copolymerize with the monomers 
that constitute the structural units Ml-3, M2 and N2). When (Ml-3) + M2 + N2 = 100 
mol %, {(Ml-3) + M2}/ M2 is in the mol % ratio of 70/30 30/70. The structural unit 
Ml-3 is 1 98 mol %, the stmctural unit M2 is 1 98 mol %, structural unit N2 is 1 98 
mol %, structural unit N is 0 97 mol %. 

24. The fluorine- containing polymer described in Claim 23 in which the structural unit 
N2 in the fluorine- containing polymer of the formula (13) - 2 is the structural unit that 
originates from the norbomene derivative having COOH group or the acid- dissociating 
functional group that can be converted to carboxyl group by acid. 

25. The fluorine- containing polymer described in Claim 24 in which the norbomene 
derivative having COOH group or the acid- dissociating functional group that can be 
converted to carboxyl group by acid is the one that is expressed by the fomaula: 




(in tiie formula. A, BandC are H, F,alkyl group of 1 10 carbons or fluorine- cpntain- 
ing alkyl group of 1 10 carbons; R is a diivalerit hydrocarbon group of 1 20 cait)ons, 
fluorine- containing alkylene group of 1 20 carbons, or fluorine- containing alkylehe 
group having the ether bond of 2 ^ 100 carbons; a is an integer of 0 or 1 3; b is 0 or 1; 
COOQ^ is COOH group or the acid- dissociating functional group that can be converted 
to carboxyl group by acid; here, when b is Q or R does not contain fluorine atom, any one 
of A - C is a fluorine atom or fluorine- containing allcyl group). 

26. Fluorine- containing polymer that is expressed by the formula (1 3) - 3 : 

- <M1-1) - (M2) - (N2 -1) - (N) - (13) --3 

(in the formula, the structural unit Ml-1, M2 are same as the formula (13) - 1 described 
in Claim 21; 

structural unit N2rl is what originates from the norbomene derjivative which is expressed 
by the formula (3) - 1; 
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(in the formula, COOQ^ is the acid- dissociating functional group that can be converted 
to carboxyl group by acid and A, B/G,:R, a and b are sanie as describe 

structural unit N is what originated from the monomer that can copolymerize with the 
monomers which constitute the structural units Ml-1, NO and N2^1); 

when (Ml-1) + (M2) + (N2-l)^ 100 mol %, {(MM) + (N2-1)} / (M2) is in the mol % 
ratio of 70/ 30 30/ 70; also, when (MM) + (N2-1) = 100 mol %, (MM)/ (N2-1) is in 
the mol % ratio of 95/5 ~ 50/50; structural unit Ml-1 is contained by 1 98 mol %, 
structural unit M2 by 1 - 98 mol %, structural unit N2-1 by 1 - 98 mol %, structural unit 
NbyO'-97mol%. 

27. Fluorine-containing polymer described in any one of Claims 19 - 26 in which the 
structural unit M2 is at least one type of monomer selected from the group consisting of 
tetra fluoro ethylene, chloro trifluoro ethylene, vinylidene fluoride and vinyl fluoride. 

28. Fluorine-containing polymer described in any one of Claim 27 in which the 
structural unit M2 is the structural unit obtained from tetra flupro ethylene or chloro 
trifluoro ethylene 

29. Chemically amplified photo resist composition which is a . composition consisting of 

(A) The fluorine-contaimng polyrner having the OH group and/ or the group in which the 
hydroxyl group is protected by the protective acid reactive functional group ~OQ^; 

(B) Photo acid generating agent; 

(C) Solvent; 

the fluorine-containing polymer (A) that has the acid reactive group being the fluorine- 
containing polymer that is expressed by the formula (14): 

- (Ml a) - <M2) ~ (N) (14) 

(in the fomiula, Mia is the striictural unit originating from the norbomene derivative that 
has the fluorine- containing alcohol structure of the previously described formulas (8) - 
(12) and/ or the compound in which the hydroxyl group of the norbomene derivative that 
has the structure of fluorine- containing alcohol of the previously described formulas (8) 
- (12) is protected by the protective acid reactive functional group -OQ^ M2 is the 
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structural unit which is an ethylene monomer of 2 or 3 carbons and is obtained froni the 
fluorine- containing monomer that contains at least one fluorine atom; N is a structural 
unit that originates from the monomer which can copolymerize with the structural units: 
Mla,M2). 

30. Chemically amplified photo resist composition described in Claim 29 whidh is a 
fluorine-containing polymer and is a composition consisting of 

(A) The fluorine-containing polymer having the OH group or the group that can be 
altered to OH group by dissociation with an acid; 

(B) Photo acid generating agent and 

(C) Solvent; 

The said fluorine-containing polymer (A) is expreissed by the fdrmula (M)-!: 

- (Ml a) - (M2) (N) - (14) -1 

(in the forrftula, the structural uiiit KIliL is expressed by the foiihula (15) 




(in the formula, Z^'s are sane or different and is 

R f ^ ' ^ ■ ■ ■ 

(Rf^, Rf^ are same ot differeiit and they are flubrineHcointaining alkyl group of 1 -10 
caibons or fluorine- containing alkyl group having etheir bond; is OH group or a ]^bup 
that changes to OH group by dissociatioh by reactirig with acid); 
Y's are same or different and they are H, F, CI, alkyl group of 1 - 10 carbons, or the 
fluorine- containing alkyl group which may contaiti the ether bd^ 10 caibori^s; R*s 

are same or different and they are H or alkyl group of 1 --10 carbons; ri is 0 or integer 
of 1 - 5; m is an integer of 1 5; nl is an integer of 1-^ 5; here^ m + hi ^6) 

and is a structural unit originating from at least one.selected from tfie norbomene 
derivative having the fluorine-^ containing alcohol structure expressed by this; 
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the structural unit M2 is what originates from the monomer that is an ethylene monomeir 
of 2 or 3 carbons and has at least one fluorine atom; 

the structural unit N is what originates from the monomer that can copolymerize with the 
structural units Ml and M2); 

whenMla + M2 = 100 mol %, Mia/ M2 has a mol % ratio of 1/99 - 70/30 and the 
structural unit Mia is contained by 1 99 mol %, structural unit M2 by 1 - 99 mol %, 
structural unit N by 0 98 'mol % and number average molecular weight is 500 - 
1000,000, 

31. Chemically amplified photo resist composition described in Claim 30 wherev in the 
structural unit Mia of the previously described fluorine-containing polymer (A), at least 
one of the substitution group Y described in the fomiula (15) is F or a fluorine- contain- 
ing alkyl group that may contain the etherbond of 1 10 carbons: 

32. Chemically amplified photo resist composition described in Claim 30 which is 
characterized by that, in the previously described fluorine-containing polymer (A), the 
stmctural unit Mia is what originated from the fluorine-<:pntaining noilbpmene deriyatiye 
that is ex-pressed by the formula (16): 




(Rf^, Rf^ are same or different and they are fluorine-containing alkyl group of 1 10 car- 
bons or a fluorine- containing alkyl group having ether bond; 7? is an OH group or the 
group that changes to OH group by dissociating by the reaction with acid; Y*, Y^, Y^are 
same or different and they are H, F, CI, alkyl group of 1 - 10 carbons, or a fluorine- 
containing alkyl group that may contain the ether bond of 1 10 carbons; R's are same or 
different and they are H or alkyl group of 1 - 10 carbons; n is an integer of 0 - 5), 

33. Chemically amplified photo resist composition described in Claim 32 where, in the 
structural unit Mia of the previously described fluorine-containiiig polymQr (A)/ Y^ 
described in the previously described formula (16) are F and Y^ is F or CF3 

34. Chemically ainplified photo resist composition described in Claim 32 where, in the 
structural unit Mia of the previously described fluprine-containiiig poljro Y\ Y^ 
described in the previously described formula (16) are F and Y^ is F or CIFb. 



21 



35. Chemically modified photo resist composition described in any one of Claims 32 

34 where, in the structural unit Mia of the previously described fluorine-containing 
polymer (A), Rf^, Rf^ described in the previously described formula (16) are CF3. 

36. Chemically amplified photo resist composition described in any one of Claims 30 - 

35 where, in the structural unit Mia of the previously described fluorine-containing 
polymer (A), the group tI tfiat changes to OH by dissociating by reaction with acid is ghe 
group that is expressed by 

-OC (R*)^. -OCHiOR^ -QCOC (Rf),v 

o'... 

(in the formulas, R^ R^, R^ and R"^ are alkyl group of 1 - 

37. Chemically amplified photo resist composition described in any one of Claims 30 ^ 

36 where the structural uriit M2 of the previously described fliiorine-containirig poiyiier 
(A) is the stnictural unit that is obtained from at least one type of monomer iselected from 
the group consisting of tetra fluoro ethylene and chlorb frifluoro ethylene, 

38. Chemically amplified photo resist composition described in Claim 29 that is a 
fluorine- containing polymer of number average molecular weight of 500 - 1000,000 
having cyclic structure in the polymer main chain in which the previously described 
fluorine- containing polymer (A) is expressed by: t^^ 

- (Mla-1) - (Mla-2) - (M2) - (N) - (14) -2 

(in the formula, Mla-1 is the structural unit that originates from at least orife selected^tom: 
the norbomene derivative having the fluorine-containing alcohol structure described in 
any one pf Claims 8-16; Mla-2 is the structural unit that originates from at least one 
selected from the norbomene derivative which has the protective acid reactive functional 
.group described in Claim 17 or 18; M2 and N aire same as formula (14)). 

When (Mla-1) + (Mla-2) + M2 = 100 mol %, {(Mla-1) + (Mla-2)}/ M2 is in the iriol % 
ratio of 30/70 - IQIZQ and the structural unit Mla-a is contained by 1 ~ 98 mol %, stfut- 
tural unit Mla-2 by 1 ~ 98 mol %, structural unit M2 by 1 98 mol % and structural 
unit N by 0 - 97 mol %. 

39. Chemically amplified photo resist composition described in Claim 38 in which, whien 
(Mla-1) + (Mla-2) = 100 mol %, (Mla-l)/ (Mla-2) is in the rriol % ratio of 90/10 
50/50. 
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40. Chemically amplified photo resist compbsitiGn deseribed in Claim 29 which is 
characterized by that 

the fluorine- containing polymer (A) is expressed by the formula (14) — 3: 
- (Ml fli-3) - (M2) - (N2) - (N) - (14) --3 
(in the formula, 

structural unit M2 is same as formula (14); 

structural unit Mla-3 is what originates from at lea^t one selected froni the norborhene 
derivative described in any one of Claims 8-18; 

stmctural unit N2 consists of cyclic aliphatic unsaturated hydrocarbon that can 
copolymerize with the monomer that constitutes the stmctural unit Mla-3, M2 and N 
and, further, it originates from the cyclic aliphatic unsaturated hydrocarbon having 
COOH group or the acid- dissociating functional group that can b^ converted to carboxyl 
group by acid; 

the stmctural unit N is what originates from the monomer that can copolymerize with the 
monomer that constitutes the stmctural unit Mia, M2 and N2); 

and that, when (Mla-3) + M2 + N2 = 100 mol %, {(Mla-3) + N2} / M2 is in the mol % 
ratio of 70/30 30/70, structural unit Mlr3 is contained by 1 - 98 mol stmctural unit 
M2 by 1 ~ 98 mol %, structural unit N2 by I - 98 mol %, and stmctural unit N by O - 97 
mol%. 

41, Chemically amplified photo resist composition described in Claim 40 where, in: the 
fluorine-containing polymer of formula (14)-3, the stmcturd unit N2 is what qrigihated 
firom the norborhene derivative that has COOH group or the acid- dissociation functional 
group that can be converted to carboxyl group by acid. 

42. Chemically amplified photo resist composition described in Claim 41 in which the 
norbomene derivative that has COOH group or the acid^dissociation functional group 
which can be converted to carboxyl group by acid is expressed by the formula: / 




C , 



(in the fomiula. A, B and C are H, F, alkyl group of 1 - 10 carbohis, or fluoririe-contaih- 
ing alkyl group of 1 - 10 carbons; R is a divalent hydrocarbon group of 1 20 carbons, 
fluorine- containing alkylene group of 1 20 carbons or fluorine- containing alkylene 
group having ether bond of 2 100 ether bond; a is 0 or an integer of 1- 3; b is 0 or 1; 
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COOQ^ is COOH group or the acid-dissociation functional ^oup that can be converted 
to carboxyl group by acid. However, when b is 0 or R does not contain fluorine atoni, any 
one of A C is fluorine atom of fluorine- containing aikyl group). 

43. Chemically amplified photo resist composition described in Claim 29 in which the 
fluorine-containing polymer (A) is the fluorine-containing polymer that is expressed by 
the formula (14)-4: 

— (Misi^n- iu^ - (14) -4 

(in the formula, 

structural units Mla-1 and M2 are same as the formula (14)-2 described in Claim 38; 
structural unit N2rl is what originates from the nori^ornene derivative that is expressed 
by the formula: 




(in the formula, COOQ 1 is the add-4issociatibri functional group that catn be converted to 
carboxyl group by acid); 

structural unit N is that originates f^^ thiat cdh copolynierized With the 

monomer which constitutes the stnicturiil units 

and when (Mla-1) +(M2) + (N2-1) = lOO m6l %, {(Mla-1) -h (N2-1)]/ (Nf2) is in the mol 
% ratio of 70/30 ^ 30/70 and, also, when (Mla-1) + (N2-1) = 100 mol %, (Mla-1)/ (N2- 
1) is in the liibl % ratio of 95/5/- 5O/50>; structural unit Ml-^1 is contained by 1 -- 98 mol 
%, structural unit M2 by ! ^ 99 inor%, structural ^u^^^^ 1 98 mol %, istrudtur^ 

unitNbyO-'97mol%. 

44. Chemically amplified photo resist described in any one of Claim 29 and Claims 38 ~ 
43 in which the structural unit M2 is the structural unit that is bbtained from at least one 
type of monomer selected from the group consisting of tetra flupro ethylene, chloro tri> 
fluoro ethylene, viriylideiib flijoride and vinyl fluoride. 

45. Chemically amplified photo resist described in Claim 44 in which the structural unit 
M2 is the structural unit that is obtained from the tetra fluoro ethylene dr chloro trifluoro 
ethylene. 
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wo 03/ 006413 Al, January 23, 2003 

Method of making fluorine- containing norbornene derivatives 

Araki, T, et, al of Daikin Kogyo K. K; 

(Partial Translation of p. 124 - p. 188 of the origirial Japaneise text) 

The amount of this solvent (C ) is selected by considering the type of solid component 
being dissolved, the substrate that is to be coated and the targeted film thickness. But, 
from the viewpoint of the ease of coating, it is preferred to use such an amount that the 
total solid content concentration of the resist composition is 0.5 70 wt %, preferably 1 
50wt%, 

As for the method of using the cheMeally amphfied resist composition of this 
tion, the method of forming the resist pattern by the existing photo resist technology is 
used. But, in order to conduct it properly, first the solution of the said resist composition 
is coated by using a spinner, etc. on the supporting body such as silicon wafer arid this is 
dried to form the photo- sensitive layer and, to this, by using a reducing projection expos- 
ure apparatus, the UV ray, deep-UV, Excimer laser light, X ray is irradiated through the 
desired mask pattern or drawing is done by electron ray and heating is done. Next, this is 
given the development processing by using the ailkaline aqueous solution such as 1 - 10 
wt % tetra methyl ammonium hydroxide water solution. By this method of formation, 
one can obtain the picture image that is faithful to the mask pattern. 

In particular, it was found out that, by using the chemically amplified resist: composi- 
tion of this invention, the resist coated film (photo- sensitive layer) having high degree 6f 
tra^paiency can be formed evM in the vacuum ultra viqlet zone, By this, it can be utiliz- 
edpreferabiy in the photolithography process that uses the F2 laser (157 nm wavelength) 
which is being developed iuming particularly at the future 0.1 pm technology. 

In the following, the invention is explained on the basis of the examples of synthesis 
and examples of application but this invention is not limited to these examples. 

Synthesis Example I 

(Synthesis of norboniene that has the 

In a 500 ml glass flask having 4 openings and equipped with the reflux cooler, thermo- 
meter, stirrer and dropping funnel, 136 g of cyclo penta diene and 1.0 g of hydro quinone 
were charged and this was cooled to 0 5 deg C, Under the nitrogen gas stream, 233 g of 
a- fluoro acrylic acid fluoride (CH2 = CFGOF) was dropped taking 3 hours. After the 
dropping was finished, stirring was done for 3 hours at the room temperature. 

From tiie reaction mixture, by vacuum distillation, 360 g (yield 90 %) of 5 - norbor- 
nene -2- carboxylic acid fluoride which is a noriDomene compound having the -COF 
group: 
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(melting point 73 ~ 75 deg C/ 45 mm Hg) was obtained. 

For this compound, analyses were conducted by GC-Mass, *'F-NMR and ^H-NMR and 
the structure shown above was identified. 

Example of Application 1 

(Synthesis bf ((5 - norbornene -2- yl) Wfludrb inethyl ketone) 

In a 100 ml flask having 3 openings and equipped with a thermometer, cooling tube- 
attached with a 3- way cock, and dropping funnel, 17 g (112 mmol) bf 5 - norbbrii^ne - 
2- carboxylic acid methyl ester (mixture of endo and exo) and 0.45 g (3 mmol) of cesiiim 
fluoride were charged and this was cooled in an ice bath under nitrogen giislatmosptiefev 
While keeping the temperatpre inside the flask at 3 ~ 10 deg C, under stirring, 22 g (156 
mmol) of CPs^iiviea was dropped taking 2 hours. Temperature Was returned to the fooih 
temperature and stirring was done for 3 hours. Next, 2 g (8 nmiol) of tetra butyl ammon- 
ium fluoride was added and stirring was done for 1 hour. Hie reaction solution was pour- 
ed into ice water and extraction Was coiiductied with diethyl ether: The organic phase' 'was 
dried with calcium chloride and, after this, purification was done by vacuum distillation- 
to obtain 12 g of (5 - norbomene -2- yl) tiifluoro methyl ketone (yield 56 %, based on 5 
-- norbomene -2- parboxylic acid meAyl ester). 

This substance, had the following physical p^ 

'^F-NMR (solvent: dCgia): -78.0 

MS: 190 (MH, 121 (MT- CF3), 66 (QHe) 

IR: 1753 cm * (C=0), 1574 cm"* (C=C) 

Example of Application 2 v , . - ; ; . 

(Synthesis of ((5- norbomene -2- yl)- 1, 1, 1, 3, 3, 3 hexa fluoro -2- propaftot(NB-l)) 

In a 100 ml flask having 3 openings and equipped with a tiiermometer, the cooling tube 
attached with a 3-way cock, and dropping fiinrter, 12 g (64 intaol) of (S- noitbriiehd -2- 
yl) trifluoro methyl ketone (niixtur6 Of endo and exb), 11 g of CFaSiMes (79 minbl) ithd 
20 ml of THj? were charged and this was cooled in a dry ice acetone bath under the 
niti-ogen gasyatmospheire. While keeping the teiaperatui:e ih'«^^^ flask below -^70 deg 
C, under stirring, 3 ml of 1 M THE solution of tetra butyl animbriium flubride Was - ; 
dropped slowly. The flask was returned toi the room temperature and, after this^ 20 iiil of 
5 % hydrochloric acid was added arid further stirring was dohei for 3 hours. Extiraction 
was done with diethyl ether and washing was done with saturated sodium bicarbonate 
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water solution. After this, the organic phase was dried with calcium chloride. After 
distilling out the solvent, purification was conducted by vacuum distillation to obtain Ug 
(yield 65 %, based on (5-noibor-nene -2- yl) trifluoro methyl ketone) of (5- norbomene - 
2- yl) - 1, 1, 1, 3, 3, 3 - hexa fluoro -2- propanol (NB-1). 



CP, 

NB-1 had the following physical properties. 

''F-NMR (solvent: CDCb): -74.0 (q, CF3, endo form), -74.9 (q, CF3, exo form), -75,3 (q, 

CF3, endo form), -76.8 (q, CF3, exo form) 

MS: 260 (IvT), 1991 (NT-CFs), 125, 97, 66 (Cjlfc) 

IR: 3510 cm • (OtH), 1579 cm:\q=C) 

Example of Application 3 

(One pot synthesisof (5 - norbomene -2- yl) - 1, 1, 1, 3, 3, 3 - texaltfu^ piiipwM 

In a 100 ml flask having 3 openings and equipped with the cooling tube attached wiffi a 
thermometer, 3-way cock, and dropping funnel, 1.3 g (8.5 nunpl) pf 5 - norijorhene -2- 
carboxylic acidmethyl ester (imxture of endo and exo^ 6,1 g (43 namol) of CFaSiMea 
and 15 ml of hexane were chjurged and this was cooled in an ice bath under the nitrogen 
gas atmosphere. While keeping the flask temperature at 3 ~ 10 dcg C, under stirring, 2 ml 
(2 mmol) of IM THF solution of tetra butyl ampionium fluoride vvas added slowly t^ng 
more than 4 hrs. Flask was returned to the room temperature and stiriihg was donfe for 24 
hours. After this, the reaction solution vyas analyzed: 5 - norbomene -2- carbpxylic acid 
methyl ester was 28 %, (5 - norbomene -2- yl) -1,1, 1, 3, 3, 3 - hexa fliipro -2- prop^- 
ol (NB-1) was 20 %. ■ 

Example of Application 4 

(One pot synthesis of (2 - fluoro -5- norbomene -2- yl) - 1, 1, 1, 3, 3, 3 - hexa fluoro - 
2- propanol (NB- 2)) 

In a 100 ml flask having 3 openings and equippeii vyith, a thermometer 
attached with a 3-way cock, and a dropping funnel, il^^ 
nene -2- caiboxylic acid fluoride (mixture of endp mieM))ti\^ 
Synthesis Example 1 and 28 g (482 mmol) of poitas^ium Auot chkgeid ^d this 

was cooled in an ice bath under iie nitrogen gas atmosphere^. While keeping tti(^ tei^^ 
ature inside the flask at 3 ~ 10 deg C, under stirring; 62 g (436 imqaol^^ 
dropped taking 2 hours. Temperature was returned to tiie f opm terhperattire arid stirring, 
was done for one night, Il\e . reaction solution was poured jntO the ice wate^^ and extinc- 
tion was conducted with diethyl ether. The organic phase was wished with water, with 
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dilute hydrochloric acid and, in continuation, with saturated sodium bicarbonate water. 
After this, the organic phase was dried with calcium chloride. Purification was conducted 
by vacuum distillation to obtain 50 g (yield 80 %) of (2 - fluoro -5- noriDornene -2- yl) - 
1, 1, 1, 3, 3, 3 - hexa fluoro -2- propanol (NB - 2). 



F OFa 
NB-2 had the following physical properties. 

*'F-NMR (solvent: CDC13): 

endo form: -156.7 (m, F), -72.3 (m, CF3), -72.0 (m, CF3) 

exo form: -152.2 (m, F), -73.8 (m, CF3). -72.5 (m, CF3) 
'H-NMR (solvent: CDCI3): 6.60-6.23 (IH. m, sp2CH), 6.10- 5.86 (IH, m, sp2CH), 4.34 
- 3.80 (1H» s bioad, OH), 3.80 -r 3.47 (m, IH), 3.37 - 2.98 (IH, s), 2,5 - 2.15 (IH, t), 
2.10- 1.61 (2H,m) 

MS: 241 (NT - FH2O), 22.1 201, 66 (C5H6) 

IR: 3500 cm * (0-H, 1590 cm ' (G = C) , . . . 

Example of Application 5 

(Introduction of the protective group) 

In a 100 ml flask with 4 openings and equipped with the rbflux cooler, theraibmi^ter, * 
stirrer, and dropping funnel, 3.5 g of sodium Hydride (purity 60 %) and 10 ml of tetra 
hydro furan were charged and, while keeping the inside temperature at 5 -10 deg C, 2.1 
g of the norbomene having the -C.(CF3)20H group (NB-2) that was prepared in Example 
of Application 4 was dropped taking 1 hour. After the drdppirig wi^ Finished, at the robiii 
temperature, stirring was done for 1.5 hours. Next, 9.6 g of chlbfb methyl ethyl ether 
(CICH2OC2H5) was dropped taking 1 hour. After the dropping was finished, stirring was 
done for 5 hours at the room temperature. 

After the reaction was finished, wafer was adde^^ and the organic substiWce was extract- 
ed by ether and the ether layer was washed with sattirated NaHCpa water and drying was 
done with anhydrous magnesium sulfate. 

After the drying, ether was distiUed out and, by yaciiuin'distillatibiV; 20.5 g (yield 77 %) 




(NB-2) 



of the norbomene compound (NB-2 (1)): 
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(NB-2 <1) ) 



(melting point 58 - 61 deg CI 1.5 mmHg) which has the group 
CF3 

--C-OCHjOCaHg 
I 

CFs 



was obtained. 

For this compound, analyses were conducted by GC - Mass, *^-NMR and ^H- NMR 
and tfie structure shown above was identified. 

Synthesis Example 2 

(Synthesis of the norboraene (NBC -1) that has the -COOC(CH3)3 group) 

In a 300 ml flask having 4 openings and equipped with a reflux cooler, thermometer, 
stiner, and dropping funnel, 61 g of cyclo p^nta diene, 26 g of t- butyl -a- fluoro acrylate, 
50 ml of tetra hydro furan and 0.1 g of hydro quinone were charged and th6 insiide 
temperature was kept at 25 deg C. 

Under the nitrogen gas stream, while stirring, 4.0 g of boron trifluoride - diethyl ettier 
complex was dropped and, after the dropping was finished, stirring was done for 48 hours 
at the room temperature for the reaction. 

After the reaction was finished, tetra hydro furan was distilled out by distillation ahd 
the residue was taken put and water was added ^nd the organic substance was extracted 
by methylene chloride. Themethylenej chloride layer w^ washed with 5 % NallCOa 
water and drying was done by anhydrous magnesium siil^^^ 

After the drying, the organic layer was^eparated and methylene chloride was distilled 
out and, after this, by vacuum distillation, 14 g of norbbmehe (NBC-1) having the - 
COOC(CH3) group which is an acid reactive group 




eOOC(CHa)3 (NBC-l) 



(melting point 70 72 deg C/ 2 mm Hg) was obtained. 

For this compound, analyses were fconducted by GG - Mass^ -^^NMR and ^H-NMR 
and the structure shown above was identified. 

Example of Application 6 

(Synthesis of the copolymer of TFE and the fluorine- containing norbornene containing 

OH group (NB-2)) ^: iv 

In a 300 ml autoclave equipped with a valve, pressure gauge and theraiometer, 20.7 g • . 
of the fluorine- containing norbornene that contains OH group (NB-2) which was prepare 
ed in Example of Application 4, 140 ml of HCFC - 141b, and 1.5 g of bis (4 - 1 - butyl 
cyclo hexyl) perbxy dicarbonate (TCP) were charged and, while cooling with dry ice/ ; 
methanol solution, inside of the system was thoroughly purged vvith nitrogen gas: Next, , 
through the valve; 30!0 g of TEE was ch^ged and, at 40 deg G for 12 hours, reaction was 
let to occur by penetration. With the progress of reaction, the gauge pressure dropped 
from 0.96 MPa G (9-7 kgf/ em^ G) before the reaction to 0.91 MEa G (9.2 kgf/ cm^ G). 

After discharging the uiireacted monomer, the polymerization solutioii^ was; taken out 
and, after concentrating, it-ptfeGipifetion was dohe with hexarie and the copolymer was 
separated. Vacuum drying was conducted until the weight reached a constant value to 
obtain4.1 gof thecopolyiner. >^ 

According to the results of analyses by *H-NM R and ^?F-NMR, the composition ratio: ^ 
of this copolymer was TFE/ the said fluorine- containing norbornene derivative contain- 
ing OH group (NB-2) = 50/ 50 mol %. 

BytheGPCanalysis, the number average molecular weight was 3500. r 

Example of Application 7 

(Synthesis of the copolymer of TFE and the fluorine- containing norbornene that 
contains OH group (NB-1)) : ■ : 

In Example of Apiplieation of 6, in place of the fluorine- containing norbornene deriva- 
tive that contains OH group which was prepared in Example of Application 4, 19.3 g of 
the fluorine- containing norbornene that contains OH group (NB-1) which was pre pared 
in Example of Application 2 was used. Other than this/the reaction was conducted in the - 
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same manner as in Example of Application 6. With the progress of reaction, the gauge 
pressure dropped from 0.95 MPa G before the reaction to 0.92 MPa G. 

After the unreacted monomer was discharged, the polymerization solution was taken 
out and, after concentrating, re-precipitation was done with hexane and the copolymer 
was separated. Vacuum drying was conducted and the weight reached a constant value to 
obtain 3 J g of the copolymer. 

According to the results of analyses by vH-NM R and *^-NMR, the composition ratio 
of this copolymer was TFE/ the said fluorine- containing norbomene derivative contain- 
ing OH group (NB-1) =50/ 50 mol %, 

By the GPC analysis, the number average molecular weight was 3400. 

Example of Application 8 

(Synthesis of the copolymer of TFE and the fluorine- containing norbomene that 
contains -OCH2OC2H5 group ONfB-2 (1)))^ 

In Example of Application of 6, in placeof the fluorine- containing norbomene deriva- 
tive thatcontains OH group which was prepared in Example of Application 4» 26;2 g of 
the fluorine- containing norbomene that contains -OGH2CX:;2H5 group (l>?iB- 2(1)) which 
was synthesized in Exampleof Application 5 was used. Other than this, the reaction was 
conducted in the same manner as in Example of Application 6. With the progress of reac- 
tion, the gauge pressure dropped from 0.94 MPa G (9.5 kgf/ cm^ G) before the reaction to 
0.91 MPa G (9:2 kg^ cm- G). Then, the separation and purification were conducted in thp 
same manner as in Example of Application 6 to obtain 3.9 g of the copplyiner. 

According to the results of analyses by R and ^^F-NMR, tfie composition ratio 

of this copolymer was TFE/ the said fluorine- containing norbomene derivative contain- 
ing ^CHiOCiHs group (NBr2 (1)) = 50/ 50 n^ 

By the GPC analysis, the number average molecular weight was 2600. 

Example of Application 9 

(Synthesis of the copolymer of TFE and the fluorine- containing norboniene that 
contains -OCH2OC2H5 group (NB-2 (1)) and 2- norbomene) 

In Example of Application of 6, in place of the fluorine- containing norbomene deri va- 
tive that contains OH group which was prepared in Example of Application 4, 18.5 g of 
the fluorine- containing norbomene tiiat contains -OCH2OC2H5 group (NB- 2(1)) which 
was synthesized in Example of Application 5 and 2.1 g of 2r norbomene were used. 
Other than this, the reaction was conducted in the same maniiei^ as in Example of 
Application 6. Then; the separation and purification were conducted in the same manner 
as in Example of Application 6 to obtain 4.3 g of the copolymer. 
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According to the results of analyses by H-NM R and F-NMR, the composition ratio 
of this copolymer was TFE/ the said fluorine- containing norbomene deriyative contain^ 
ing -OCH2OC2H5 group (NB-2 (1))/ 2- nortwmene = 56/31/ 13 mol %. 

By the GPC analysis, the number average molecular weight was 3200. 

Example of Application 10 

(Synthesis of the copolymer of TFE and the fluorine- containing norbomene that 
contains -OH group (NB-2) and the fluorine- containing norbomene derivative that 
contains -COOC(GH3)3 group (NBG-1)) 

In a 500 ml autoclave equipped with a valve, pressure gauge, stirrer and thermometeri 
3.1 g of the fluorine- containing norbomene derivative that contains -<)H group and was 
prepared in Example of Application 4, 21.0 g of the fluorine- containing nprbpmene/ 
derivative containing -COOC(CH3)3 group and was synthesized in Synthesis Example 2 
(NBC-1), 250 ml of HCFC - 141b and 6.6 g of bis (4 - 1- butyl cyclo hexyl) peroxy 
dicarbonate (TCP) were qharged and the inside of system was thoroughly purged with , 
nitrogen gas. Then^ 44g of TFE was charged from the valve and, at 40: deg C, reaction V 
was conducted by penetration for 12 hours, 

After the unreacted monomer was discharged, the polymerization solution was taken 
out and, after concentrating, re-precipitation was done with hexane and the copolymer 
was separated. Vacuum drying was conducted and the weight reached a constant value to 
obtain 6.9 g of the copolymer. 

According to the results of analyses by *H-NM R and /^F-NMR, the conaposition r^atip 
of this copolymer was TFE/ the said fluorine- containing norbomene derivative contain- 
ing OH group (NB-2)/ fluorine-containing norbomene derivative containing 
COOC(CH3)3 group (NBC-1) = 54/ 9.2/ 36.8 mol %, 

By GPG analysis, the number average molecular weight was 2800. 

(At this point, the translator was instructed to go to the claims for translation, 
omitting the remaining part of the text from the translation). 
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(Partial Translation, into Japanese, from p. 133^ Example of Application 1 1 to p. 167) 
Example of Application 11 

(Synthesis of the copolymer of TFE and the fluorine- containing noibomene derivative 
containing -OH group (NB'-2) and the fluorine- containing norbomene derivative 
containing -C00C(CH3^ group (NBC-1) 

In Example of Application 10, 9.2 g of the fluorine- containing norbomene derivative ; 
containing OH group (NB-2) that was made in Example of Apiplication 4. and 16.3 g of 
the fluorine- containing norbomene derivative containing -COOC(CH3)3 group (NBC-1) 
that was synthesized ih the Synthesis Example 2 were used. Otiier than these, the same 
procedure as in Example of Applicatioii 10 was followed to conduct die reaction. Nexti 
thepurification by separation was conducted in the same way as in Example of Applica^ 
tion 10 to obtain 7.2 g of the eo^lynier. ' 

As to the composition ratio of this copolymer, by the results of ianalyses by 'H-NMR 
and ^'^-NMR, the copolymer had the TFE / die fluorine- containing nori^omfene deriva- 
tive containing -OH group (NB-2) / the fluorine- containing norbomene derivative cbn^ 
taining -C00C(CH3)3 group (NBC-1) ratio of 52/ 29/ 19 mol %. 

By the GPC analyisis, the number average molecular weight was 3300; : 

Example of Application 12 

(Measurement of the ti:aiisparency at the wavelenpi of 157 nm) 

(1) Preparation of the coating compositiori 

The fluorine- containing polymers of various types that were made in Examples of 
Application 6-11 were dissolve in butyl acetate to the concenti-ation of 3 % to prepare 
the coating composition. 

(2) Coating '■■ I 
[1] Coating on the substirate (MgFa) for use in the measurement of ti:ansparency 

On the substiate of MgF2, each of the coating compositions was coated by using the 
spin coater at room temperature under the condition of 1000 rotations. After the coating, 
baking was done for 15 minutes at 100 deg C to prepare the tiransparent coated film. 

[2] Measurement of film thickness 
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Silicone wafer was used in place of the MgF2 substrate. Other than this, under the same 
conditions described above, each of the coating compositions was used to fonn coated 
film on the silicone wafer. 

By using the AF apparatus (Seiko Denshi (K. K.) SPI 3800), thickness of the coated 
film was measured. Results are shown in Table L 

(3) Measurement of transparency of the ultraviolet region in vacuum 

[1] Apparatus of Measurement m 

o Spectroscopic apparatus of Setani - Namipka (High Energy Research Mechanism: 
BL-7B) 
oSlit 7/8-7/8 
o Detector: PMT 

o Grating (GE: blazed wavelength 160 nm; 1200W ffim) 

As for the optical system, see H. Namba, et al. Rev. Sci. Instrum., 60 (7), 1917 (1989) 
f 2] Measurement of transmission spectrum 

For the coated film formed on the MgFa substrate that was pbtained by t^^^ 
(2) - [1], the transmission spectrum of 200 - 100 nm was measW^ by wsing the:^^^ 
tus described above. 

From the transmittance at 157 nm and the film thickness of the coated film, the molecu- 
lar extinction coefficient was calculated. l!!his is shown inTfible L, 

Example of Application 13 

(Evaluation of the etching resistance) 

10 % butyl acetate solution of the fluorine- containing polymers that were prepared in 
Examples of Application 6-11 were prepared and this was coated on the Si substrate by 
using a spin coater to a film thickness of 200 nm. This was pre-baked at 120 deg C for ^ 
minutes and, after this, by using an interference film thickness meter, the film thickness 
was measured. After this, it was placed in a chamber of the ICP (induction- coupled 
plasma) etching apparatus and etching was conducted. Pressure of the etching gas (Ar/ 
N2/ C4F8 mixed gas) was 10 mTorr; and the plasma condition was: upper electrpde 13.56 
MHz, 900 W, lower electrode 4001dHts, IW 

The fihn thickness after the etching was measured by an interference ^Im thickness 
meter and the etching rate was calculated. As the reference, the etching rate was deter- 
mined similarly by using the resist (TarF- 6a - 63) made. by Tokyo Ohka (K. K)) which is 
used in the lithography for ArHaser, and the etching rate is given by the comparison with 



it. Thus, each numerical value is given by the ration taking the etching rate of the . : 

reference polymer (ArF laser resist mentioned above) as 1: 

Example of Application 14 

(Evaluation of the solubility to the development solution) 

(1) Separation reaction of the protective group 

By using the fluorine- containing polymer of Examples of Application 6-11, reaction 
with the trifluoro acetic acid was conducted using dichloro methane solvent and, by thiis, 
the various types of protective gix)up contained in the fluorine-containing polymer was 
separated. 

*H-NMR and JR analysis were conducted to confirm that more than 85 % of prdtectivie 
group was separated and converted to OH group or COOH group. 

(2) Coating 

10 % butyl acetate solutions of the fluorine- containing polymer obtained in Examples; 
of Application 6 ~ 1 1 and the fluorine- containing polymer after the separation of protect- 
ive group obtained above wctb prepared arid this was coated by spin coater on: ttiie Siisub-: 
strate to a fihh thiblmegs bf 200 1^ 

(3) Checking of the solubility 

The Si subsb^te after drying was dipped for 60 seconds in the 238 % tetra methyl 
ammonium hydroxide water solution. After this, the whole substrate was taken out and 
this was dried at the room temperature and the presence or absence of the remaining film 
was checked visually. 

For the case where the film did not remain, the solubility was rated as O. Results are 
shown in Tibie 1; 

Example of Applicaiibn 15 

(1) Pr^aration of the coatihg conipbsitioiis 

The fluorine- containing polymer (A) that was ihade in Examples of Application 8—11 
and the Kosan (photo oxide acid?) generating agent (B) by an amount that is 5 wt % with 
respect to the polymer (A) were dissolved in butyl acetate as the solvent (C) for diluting 
the polymer Concentration to 5 wt %. 

As for the kosan generating ageiit, S- (hifluoro methyl) - dibeiKO thiophenium trifluQ-- 
ro methane sulfonaite 
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was used 

(2) Coating 

Coating was done with ai spin coater 6n the Si substrate to a; film ttiickness of 200 nm. 

(3) Measurenaent of the tfansparehey of the ultraviolet regi 

The same procedure as in Example of Application 12 was followed. Thejmolecular- 
extinction coefficient at 157 nm is shown in Table 1. 



Table 1. 



Fluorine-contain- 


Example of Appli- 


Example of AppU- Exiur^le of AppUcation 14 


Exampleof Appli- 


ing polymer 


cation 12 


cation 13 


Solubility/to the development solu^ 


patjion 15 


Extinction coeff- 


Etdiing grade 


tion 




lExtinction coeffi- 




icient at 157 nm 


(to ArF resist) 


Before separating 


After separating 


cient at 157 nm 
(Mm-') 








protective group 


protective groiip 


EA*6 


L4 


0 92 


G 




L6 


EA 7 


1.8 


0.96 


O 




2.0 . 


EA 8 


1.9 


0.82 


X 


O 


2.2 


EA 9 


2.0 


0.86 


X 




:2;3'.' 


EAIO 


2.8 


0.93 


X 


o 


3.0 


EAU 


2.3 


0.90 


o 


o 


2.5. 



*EA: Example of Application 



Example of Apiplication 16 (Syn^^^ of the copolymer of TEE arid the fl^^ 
taining norbomene that contains OH groiip (NB-2)) 

In a 500 ml autoclave equipped with a valve, presisure gauge^ stirrer and thenno 
,35.0 g of the fluorine- containing norbomene that contains OH gro (NB-2) which Was 
obtained in Example of Application 4, 250 ml of HCFG- 141b, and 6.5 g of bis (t ~4- 
butyl cycio hexyl) peroxy dicarboriate (TCP) were placed and, while cooling with the dry 
ice / methanol solution, inside of the system was purged thoroughly with liittogen gas. 
NtxU from the valve, 52.0 g of TFE was charged and, at 40 deg G; for 12 hours, reaction 
was let to occur by stirring. With the progress of the reaction, the gauge pressure dropp^ 
from 0.96 Mpa G (9.7 kgf/cm^ G) before the reaction to 0.91 MPa G (9.2 kgf/ cm^ G). 

After the unreacted monomer was discharged, the polyinerizatidn solution was taken 
out and, after cbncehti^tirigi re-pfecipitatio^ 

was separated. Vacuum drying was conducted until a constant weight was reached arid 
6.0 g of copolymer was obtained. In the result of analyses by ^H-NMR and *^F-NMR, 
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composition ratio of this copolymer was the said fluorine- containing norbomene 
derivative that contains OH group (NB-2) was 50/ 50 mol %. 

By the GPC analysis, the number average molecular weight was 5500. 

Example of Application 17 (Synthesis of the copolymer of TFE and the fluorine- con- 
taining norbomene derivative tiiat contains -OCH2OC2H5 group (NB-2(1)) 

In Example of Application 16, in place of the fluorine- containing norbomene deriva- 
tive that contains OH group (NB-2) which was obtained in Example of Application 4, 
40.0 g of the fluorine- containing norbomene derivative that contains -OGH2QC2H5 
group (NB-2(1)) which was obtained in Example of Application 5 was used. Other than 
this, the same procedure as in Example of Application 16 was followed to pondupt the ^ 
reaction. With the progress of reaction, the gauge pressure dropped from 0.94 MPa G (9.5 
kg^ cm2 G) to 0.91 MPa G (9.2 kgf/ cm2 G). Next, purification was done by separation 
in the same way as in Syntiiesis Example 1 and 7.5 g of the copolymer was obtained, 

in the results of analyses by 'H-NMR and ^'^-NMR, composition ratio of this copoly- 
mer was TFE / the said fluorine- containing norbomene denvati ye th^con^nis the - • 
OCH2OC2H5 group (NB-2(1)) was 50/ 50 mbl 

By die GPC analysis, tiie number average molecjular weight was 4600. 

Example of Application 18 (Synthesis of die copolymer of TFE, the fluorine- con- 
taining noibomene derivative that contains OH group (NB-2) and die fluorine- containing 
norbomene derivative tiiat contains -OCH2OC2H5 group (NB-2(1)) 

In a 500 ml autoclave equipped with a valve, pressure gauge, stirrer and thermometer, 
18.3 g of the fluorine- containing norbomene derivative that contains -OH group which 
was obtained in Example of Application 4 (NB-2), 14.8 g of tfie fluorine- containing nor- 
bomene derivative tiiat contains -OGH2OC2H5 group (NB-2(1)) which was obtained in 
Example of Application 5, 250 ml of HCFC-i41b and 6.6 g of bis (4 ^t- butyl cyclo , . . 
hexyl peroxy dicarbonate (TCP) were charged and inside of the system was purged 
thoroughly witfi niti^ogen gas. Next, from the valve, 52,0 g of TFE was charged and, at 40 
deg C, for 12 hours, the reaction was let to go by stirring. 

After the unieacted monomer was discharged, the polymerization solution was taken 
out and, after concentrating, rerprecipitation was. done witii.hexjuie and Ih^ cppolymer 
was separated Vacuum drying was conducted untU die constMjt weight was reached apd 
6.9 g of the copolymer was obtained. 

In die results of analyses by *H-NMR and ''F-NMR, composition ratio of Uiis copoly- 
mer was TFE / fluorine- containing norbprnene derivatiye. that contains -:OH group (NB- 
2)/ fluorine- icontaining norbomene derivative tfiat contains die -OCH2P1C2H5 grpiip (NB- 
2(1)) was 50/ 19/ 31 mol %. 



5 



By the GPe aiiidysisv the number average moleculM^ . 

Example of Application 19 (Synthesis of the copolymer of TFE, the fluorine-^w^ 
taining norborhene derivative that contains OH group (NB -2) and the fluorine- containing 
norbomene derivative that contains -(X:H20C2H5 group (1^-2(1)^ 

hi Example of Application 18, 24.5 g of the fluorine^ containing norbomene. derivative, 
that contains group (NB-2), 74 g of the fluorine- containing norbomene derivative 
that contdns -OCH2OG2H5 group (NB-2(1)), 52;5 g of TPE and 6.5>g of TCP were used. 
Other than these, the same procedure as in Example of Application 18 was followed to 
conduct the polymerization reaction, separation and purification of the polymer and 7.2 g 
of the polymer was obtained. 

la the resiilts of analyses by 'H-NMR and ''P-NMR, coinposition ratio of this copoly- 
mer was TFE / fluorine- containing norbomene derivative that contains -OH group (NB- 
2)/ fluorine- containing norbomene derivative that contains the -OCH2OC2H5 group (NB- 
2(1)) was 50/ 40/ 10 mol %: 

By the GPC analysis, the number average molecular weight was 3200. 

Example of Application 20 (S ynthesis of the copolymer of TEE, the fluorine- con- , 
taining norbomene derivative that contains OH group (NB-2) and the fluorine- containing 
norbomene derivative that contains 

In Example of AppUdation 18, 27.5 g of the fluorine- containing norbomene derivative 
that contains -^H group (NB-'2), 3.7 g of the fluorine- containing norbomene derivative ; 
that contains -^GH20C!2H5 group (NB-2(1)), 52.0 g of TEE and 6.5 g of TCP were used. 
Other than these, the same procedure as in Example of Application 18 was followed to 
conduct the polymerization reaction, separation and purification of the polymer and 7.6 g 
of the polymer was obtained. 

In the results of analyses by *H-NMR and ^'E-NMR, composition ratio of this copoly- 
mer was TFE / fluorine- containing norbomene derivative dial contains r-OH group (NB- 
2)/ fluorine- containing norbomene derivative that contains the -OCH2OC2H5 group (NB- 
2(1)) was 50/ 46/ 4 mol 

By the GPC analysisi the number average molecular weight was 3500, ■ • 

Example of Application 21 ((Synthesis of the copolymer of TFE, the fluorine- con- 
taining norborherie derivative that contains OH group (NB-2) and die fluorine- containing 
norijomene derivatiVie tiiaf contaiiis -CO0C(CH3)3 group (NBC-1) 

In a 500 nil aiitOdlave equipped with a valve, jpressure gauge, stirrer and thermometer, , 
24.5 g of the fluorine- containing norbomene derivative that contains -OH group which 
was obtained in Example of AppUcation 4 (NB-2), 4.7 g of the fluorine- containing nor- 
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bomene derivative that contains -COOC(GH3)3 group (NBG-1) whieh was obtained in . 
Synthesis Example 2, 250 ml of HCFC-141b and 6.5 g of bis (4 -t- butyl cyclo hexyl 
peroxy dicarbonate (TCP) were charged and inside of the system was piirged thoroughly 
with nitrogen gas. Next, from the valve, 52.0 g of TFE was charged and, at 40 deg C. for 
12 hours, the reaction was let to go by stirring. 

After the unfeacted monomer was discharged, the polymerization solution .vvas taken 
out and, aftef concentrating, re-precipitation was done with hexane and the copolymer- 
was separated. Vacuum (toying was conducted uiitil the constant weight was reached and 
6.9 g of the copolymer >yas obtained. . / i , 

In the results of analyses by 'H-NMR and *¥-NMR, composition ratio of this copoly- 
mer was TEE / fluorine- containing norbomene derivative that contains -OH group (NB- 
2)/ fluorine* Containing norbomene derivative that containiis tKfe ;groiip,r-COOC(CH3)3 . 
group (NBC-I) was 50/ 40/ 10 inol %. 

By the GPC analysis, the number average molecular weigjit was 3800. ; . ■ 

ExampleofAppUcation 22 ((Synthesis of the copolymer of TEE, the, fluorine- cpn^; 
taining norbomene derivative that contains OH group (NB-2) and the fluorine- containing 
norbomene derivative that contains ^OOC(CH3)3 group (NBC-,1); 

In Example of Apphcation 21, 27.5 g of the fluorine- containing norbomene derivative 
that contains OH group (NB-2), 2.3 g of the fluorine- containing norbomene derivative 
that contains -COOG(CH3)3 group (NBG.1). 52;0.g of TEE and 6.5 g of TCP ^yereused. 
Other than these, the same procedure as in Example of AppUcation 21 was followed to, 
conduct the polymerization reactiony separation and purificatipn of tbe^polyme?: and 73 g 
of the polymer wais obtained! 

In the results of analyses by *H-NMR and "F-NMR, composition ratio of this copoly- 
mer was TEE / fluorine- containing norbomene derivative that contains -OH group (NB- 
2)/ fluorine- containing norbomene derivative that contains, the --^ 
(NBC-1) was 50/ 47/ 3 mol %. 

By ttie GPC analysis, tiie number average molecular wei^t was 4000. 

Example of Application 23 (Synthesis of tiie copolymer of TEE and the fluorincr coni, - 
taining norbomene that contains OH group (NB-1)) 

In Example of Apphcation 16, in place of the fluorine- coritainingnorbornene that : . . 
contains OH group (NB-2), 32.5 g of the norbomene cdntaining OH group (NB-1) tiiat 
was obtained in Example of Application 2 was used. Other than tiiis, the same procedure 
as in Bcample of Application 16 was followed to conduct the polymerization reaction, 
separation and purification of tiiespolymer and4.5 g ofithe copolynaet was obtain^. 
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In the results of analyses by *H-NMR and '^-NMR, composition ratio of this copoly- 
mer was TFE / fluorine- containing norbomene that contains -OH group (NB-1) vyas 50/ 
50 mol %. 

By the GPC anidysis, the number average molecular weight was 3800. 

Example of Application 24 (Measurement of transparency at the wavelength of 157 nm) 

Using the fluorine- cqntainiiig polymers which were obtained in Examples of .Applic^- ; : 
tion 16 ~ 23, respectively, (1) Preparation of the coating composition, (2) Coating, (3) ; 
Measurement of the transparency of the ultraviolet region in vacuum, were conducted. 
Molecular extinction coefficient at 157 nm is shown in Tabler2. 

Example of Application 25 (Evaluation of etching lesistarice) =, 

Using the fluorine- containing polyniers which were obtained in Examples of Applica- : 
tion 16 ~ 23, respectively, evaluation of etching resistance was conducted in the same 
way as in Example of Application 13. Results are shown in Table 2. 

Example of Application 26 (Evaluation of the solubility to the d^vcslopment solution) , 

Using the fluorine- containing polymers which \Vere obtained in Examples of AppUca-v 
tion 16-23, (1) Reaction of separation of tiie protective group, (2) Coating, .and (3) 
Checking of the solubility, were conducted. Reisults are shp>yn in Table 2. 

Example of Application 2T ' 

Using the fluorine- containing polymer (A) of Examples of AppUcation 16^^ 
Preparation of tiie resist composition, (2) Coating, and (3) Measurement of the transpar- 
ency in the ultraviolet re^on iii vacuumi were conducted in the . sanie way as in JExample 
of Application 14. Results ate shown in Table 2. 

Table2.' - ■ y^ ' ■ 

HuorineH»ntain- Example of Appli- Example of AppU- Example of AppUc^^ . = ; Examplft of Applir: 

ingpolymer cation24 cation25 Solubmty tothedeyelppmratsolu-. catjion27 

Extinction coeff- Etdiing grade tion ' ExtWiction doeffi- 

icient at 157 nm (to AiF resist) Before separating After separating cient at 157 nm 
(jxni-«) protective group protective group Qim' ) 



EA**16 


1.1 


1.19 


O 




1.3 


EA 17 


1.2 


1.15 


X 


0 


1.4 


EA 18 


1.1 


1.15 


X 


o 


1^ 
1.1 


EA 19 


0.8 


1.18 


X 


o 


EA 20 


1.0 


L13 


A* 


o 


1.3 


EA 21 


1,9 


1.07 


X 


o 


.2.2 


EA 22 


1.6 


1.02 


A* 


0 


1.8 


EA 23 


1:6 


1.00 


0 




1.8 



Table 2, continued 



* A: Partially dissolving 
**EA: Example of Application 
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Synthesis Exiample 3 (Synthesis of the fluorine- containing norbomene derivative that 
contains -<:OOC(CH3)3 group (NBC-3)) 



A 2 hter flask having 4 openings and equipped with a magnetic stirring element, dropp- 
ing funnel, 3-way cock and tihennometer v/as purged ^^^^ 

HN(Si(CH3)3)2 (0.55 mol) and 200 ml of TFE were added. This was cooled with dry ice - 
acetone bath and 328 ml (0.525 mol) of L6 N n-fiuLi hexane solution was droppe4 
taking 45 minutes such that the solution temperature would not exceed -50 deg C, Fur- 
ther stitring was dohe for 30 minutes and, after this, the solution obtained by dissolving 
136 g (0.5 mol) of the benzoic acid (1, 1,1, 3, 3, 3 - hexa fluoro ~2- propyl) that was 
synthesized by the normal method in 200 ml of THF was dropped taking 45 niinutes such 
that the solution temperature would not exceed 50 deg C. Then, further stirring vvas done , 
for 30 minutes. Into the slurry prepared by adding 300 g of ice and 150 ml of concentrat- 
€sd hydrochloric acid in a 3 liter beaker and stirring, the reaction ^^^s^^ 
poured. Using a separating funnel, the organic layer was separated and the water layer 
was extracted 2 times with 300 ml of n-hexane. The 2 times extracted component was put 
together with the organic layer and this was washed with saturated table salt water. After 
diying with MgS04, concentrating was done by using an evaporator and purification was 
done by vacuum distillation. By this, 107.3 g of benzoic acid (1, 1, 1, 3, 3 - penta fluoro 
-1' propenyl) was synthesized. (Boiling point 71 73 deg C/ 24 minHg).. 

In a 500 ml autoclave made 6f SUS; 65 g (0.257 mol) of benzoic acid (1, 1, 1, 3, 3 - 
pentafluoro-2- propenyOi 22 g (0,167 mol) of di cyclo penta diene, andO.73 g (6.6 
mmol) of p- hydroxy quinone were charged and the autoclave was cooled with the dry ice 
- acetone bath and then it was purged with nitrogen. By using a heater, heating was done 
to raise the solution temperature to 170 deg C, After heating and stining for 5 hours, the 
temperature was returned to the room temperature. Then the crude product was transferr- 
ed to a 3 hter beaker and dissolved in 0.6 ml of niethanbl. While cooling with an ice bath, . 
stining was done by a magnetic stirring element and 0.2 liters of 4N-NaOH >yas added: 
slowly. After stitring for 30 minutes at the room temperature^ 0.6 liters of water was 
added to this and the alkaline water layer was washed with 300 ml of n-hexane. To the 
alkaline water layer, concentrated hydrochloric acid was added until the pH became 1 and 
the separated organic layer was taken out and this was dried with MgS04. The organic 
layer obtained was refined by vacuum distillation to obtain 48.4 g of the desired norvor^ 
nene derivative (l^C-3) (Meltinjg point 55 - 59 deg^^ 



By the ^^F-NMR, *H-NMR, ^^C-NMR, and IR analysis, the monomer shown above was 
identified and confirmed. 




'CHa 



(NBC-3) 
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Example of Application 28 (Synthesis of norvomene derivative (NB-2(2)) 

In a 500 ml beaker, 180 ml of methylene chloride, 50 g (0.18 mol) of ndrbotilene 
derivative containing OH group (NB-2), 51.1 g (0.23 mol) of ((CH3)30COO)2 were 
charged and this was stirred at the room temperature. To this, 1 .1 g (5 mol) of dimethyl 
amino pyridine was added. When the addition was started, gas start^ to be generated . 
slowly. For about 1 hour thereafter, stirring was done until the generation of die gas 
stopped. After die reaction was finished, the organic layer was washed once with each of 
the pure water and saturated table salt water, in sequence, Ttie organic layer obtained was 
dried overnight with Na2S04 and then it was concentrated. By distilling this, tiie norbor- 
nene derivative (NBt2(2)) was obtained (Amount recovered 55 g, boiling point 76 deg C 
/0.05 mmHg). 




<NB-2 (2) ) 



By the *'F-NMIU *H-NMr; "C-NMR, and IR analysis, the monotiifer shown abc^^^^^ 
identified and confirmed. 

Example of Application 29 (Synthesis of iiorbomeiie derivative (NB-3)) 

A 1 liter flask was made vacuous and was purged with nitrogen and, next, into the still, 
1 15 g (1.76 mol) of zinc powder and 400 ml of dehydrated DMF were charged. In a drop- 
ping fimnel, 208 g (0.8 mol) of CPaCFBri, 100 ml of dehydrated DMF were charged and, 
under the nitrogen atmosphere, heating and stirring were conducted. After tiiis, while 
maintaining 80 ~ 90 deg C, dropping was done by taking 2 hoUrs and, next, at 9 0 -95 
deg C, for 4.5 hours, heating and stirring were done. 

Dimioth was changed to dry ice acetone condenser and, while cooling the still; at the 
room temperature, CF3COCF3 was let in as gas. The feeding of CF3COCF3 was finished 
at tiie time point when the reflux has not stopped and the reaction was believed not to 
occur any more. The amount 6f feed was 92 g (0-.55 mol). AftertWs, by heating i^^^^ 
pulUng vacuum, die unrcacted CF3COCF3 was removed and tiien diethyl etiier was added 
and the organic laybr was washed with IN- hydrochloric icid tod drying with CaC12 was 
conducted. 

Purification by rectification by using the rectifying tower filled, witii packing materf^ 
was conducted and, as tiie result, 56.6 g of tiie mixed solution consisting of 48.6 % of 1, 1 
- bis trifluoro methyl - 2, 3, 3 -trifluoro -2- propene -1- ol [CF2 = GFC(CF3)20iq and 
47.0 % of dietiiyl etiier, in terms of ttie GC area ratio, was obtained. 
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Solvent 

^^-KMR : CDCl^ : -77>0 (6F. q) . -91*6 (IF, dd), -106, 8 (IP. ^ 

n)v -184.1 (IP. ffl) 

MS: 248(r), 209, 181. 179. 159^ 109. 69(GPjiV 3l(CP) 

In a 100 ml autoclave equipped with a pressure gauge, safety valve and stirreri 45 g 
(150 mmol) of the diethyl ether solution of the t, 1 -bis trifluoro inethyl- 2, 3, 3 - 
tnfluoro -2- properie -1- ol of the above said composition and 9.9 g (75 mmol) of cyclo 
penta diene dimer, 0.5 g of hydroquinone were charged and, at 170 deg C, for 24 hours, 
heating and stirring were done. 

The crude product was transferred to a 1 liter beaker and, while cooling with an ice: 
bath, stirring was done with a magnetic stirring element and 0.1 liter of 2N - NaOH water 
solution was added slowly. At room temperature, stirring was done for 30 minutes and, ' 
after this, 0.6 liter of water was added to it and the alkaline water layer was washed for 
several times with 100 ml of n-hexane. Further, this water layer was treated under a 
reduced pressure and, by this, the ether component in the system was removed. To the 
water layer obtained, concentrated hydrochloric acid was added until pH l and the 
separated organic layer was taken and the organic layer obtained was dnd^ with 
After this, purification was done by vacuum distillation and 5,9 g of the desire(l iibrbbr^ 
nene derivative NB-3 (boiling point 55 ~ 60 deg C / 4 mmHg) was obtein^td, 



By the '^-NMR, *H-NMR, "C-NMR, and JR analysis, the monomer shown abbve was 
identified and confirmed. 

Solvent ; .. 

^'F-^IHR mmzmi^ : -72.5 (SF. (0, -73.0 (6P, d)v -lOLl (IF, 

S), -102.0 (IF, s), r-m? (IF, J). -104.7 (IF, j)> -158*4 
(IP, d). -161.1 (IF, d) 
MS:3I4(ir)v 295 OJ^-F), 277, 257. 227, 207, 177, 127, 69 (CF,), 
SKCBF,) 

Example of Application 30 (Synthesis of norbomene derivative (NB-3(1)) 
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In a 500 ml flask having 4 openings and equipped with a magnetic stirring elementv . 
dropping funnel, 3-way coek and themiometer, 10.6 g (0.26 mol) of NaH was placed and 
the purging with nitrogen was done: Then, 110 ml of THF was addend. Under ice- bath, 
cooling, 60 ml of THF solution of 69. 1 g (0.22 mol) of norbotnene derivative NB-3 was 
dropped slowly. The dropping was done taking 1 hour and the temperature was returned 
to the room temperature and then stirring was done for 2 additional hours. After this, 
cooling was done by the ice bath again and then 26.0 g (0.28 mol) of ethoxy methyl 
chloride was added slowly from a dropping funnel. After this^ at room temperature^ 
stirring was done ovemij^t. The crude product was added to about 500 g of ice water 
and, while stirring, extraction was done with diethyl ether. By using a separating ftinnel, 
the organic layer was separated and the water layer was extracted 2 times with 100 liil of 
diethyl ether. Organic layers were put together and this was washed with sodium bicar- 
bonate water (Tranislator's note: the two Chinese characters that were translated here as 
"sodium bicarbonate water" are actually given in the original text by 3 Chinese characters 
that would mean "multiple layer water" which does not make sense. These 2 sets of 3 
characters have same Japanese pronunciations* If the translation is doubtful, please check 
with the original writer. The 3 characters in question are on line 3 of p. 149 of the original 
text) and^saturated table salt water and the organic layer was dried with MgS04 and then 
it was concentrated. Purification was done by vacuum distillation to obtain 55.3 g of the : 
norbomene derivative (NB-3(1)). (Boiling point 62 67 deg C /L5 nrniHg). 




(NB~3 (1> ) 



By the *^F-NMR, *H-N>1R, ^^G-NMR^ W IR analysis, the iponoiner shown above was 
identified and confinned.: 

Example of Application 31 (Synthesis of the copolymer of tetra fluorp ethylene / (NB-2) 
/(NBC-2) 

A 500ml autoclave attached with a stirring apparatus was thorougMy purged with 
nitrogen and then, by reducing the pressure, 250 ml of the HCFC-141b solution of 24.5 g 
of the fluorine- containing norbomene derivative (NB-2) that contains OH group (NB-2) 
which was obtained in Example of Application 4 and 5,8 g of the fluorine- containing 
norf)omene derivative that contains HCpOC(CH3)3 grou 




(NBC-2) 



was let into the autoclave. Next, 52 g of tetra fluoro ethylene was let into this and then 
heating and stirring were done. After confirming that the liquid temperature reached 40 
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deg C, the HCFC-141b solution of 6.5 g of (4- 1- butyl cyclo hexyl) peroxy dicarbonate 
(TCP) was pressed in. After this, at 40 deg G, reaction was let to occur for 6 hours. With 
the progress of reaction, the gauge pressure dropped.from 0.89 MPa G (9.0 kgf/ cm^ G) 
before the reaction to 0.87 MPa G (8.8 kgf/ cm^ G). 

The unreacted mondmer was discharged and next the polymerization solution \yas 
taken out and re-precipitation was done with hexane and the copolymer was separated. 
Vacuum drying was conducted until the constant weight was reached ;and.7^8 g of the 
copolymer was obtained. 

In the results of analyses by ■ H-NMR and ^^F-NMR, composition ratio of this copoly- 
mer was tetra fluoro etfiylene / fluoriner containing norbomene derivative that pontain3 
-OH group (1^-2)/ fluorine- containing norbomene derivative that contains 
CO(X:(CH3)3 group (NBe-2) was 50/ 44/ 6 mol %> 

By the GPC analysis, the measured number average molecular weight w2is 38Q0-/. 

Example of Application 32 (Synthesis of the copolymer of tetra fluoro ethylene/ (NBr2)/ ^ 
(NBC-2)) : 

A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with 
nitrogen and then, by reducing the pressure, 250 ml of the HCFC-141b solution of 183 g 
of the fluorine- containing norbomene derivative that contains OH group (NB-2) which 
was obtained in Example of Application 4 and 12.1 g of the fluorine- cpijtaining norbor- 
nene derivative that contains -CObC(CH3)3 group (NBC-2) was let into the autoclave. 
Next, 52 g of tetra fluoro ethylene was let into this and then heating knd istirring were 
done. After checking that the liquid temperature reached 40 deg C, HCFC- 141b solution 
of 6.5 g of bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate (TCP) was pressed ihl After 
this, at 40 deg C, reaction was let to go for 6 hours. With the progress of ieactidn, the 
gauge pressure dropped from 0.89 MPa G (9.0 kg^ cm^ G) before the reaction to 0.87 
MPaG (8.8icgf/cri#G). 

Unreacted monomer was discharged ands then the polymerization, solution was taken 
out atid re-precipitation with hexarie w^ done and the copolymer w Vacuum 
drying was conducted until the constant wieight was feaiched aind 8^0 g of the copolymer 
was obtained. 

In the results of analyses by *H-NMR and *^-NMR,dompositiOh ratio or ' 
mer was tetra fluoro ethylene / fluorine- containing norbomene derivative that contains 
~OH group (NB-2)/ fluorine- containing norbomene derivative that contains the - 
COOC(CH3)3 group (NBC-2) was 50/ 38/ 12 mol %. 

By the GPC analysis, the measured number average molecular weight was 3200. 

Example of Application 33 (Synthesis of the copolymer of tetra fluoro ethylene/ (NB-2)/ 
(NBC-3)) ' ^ ' 
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A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with 
nitrogen and then, by reducing the pressure^ 250 ml of the HCFC-141b solution of 25 g of 
the fluorine- containing norbomene derivative that contains OH group (NB-2) arid 5^2 g 
of the fluorine- containing norbor-nene derivative that contains -COOC(CH3)3 group 
(NBC-3) which was obtamed in Synthesis Example 3 was let into the autoclave. Next, 52 
g of tetra fluoro ethylene was let into this and then heating and stirring were done. After 
checking that the Uquid temperature reached 40 deg C, HCFG-141b splutipn of .0.5 g of 
bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate (TCP) was pressed in. After this, at 40, 
deg C, reaction was let to go for 6 hours. With the progress of reaction, the gauge 
pressure dropped from 0.89 MPa G (9.0 kgf/ cm^ G) before die reaction to 0.87 MPa Q 
(8.8kgf/cm -G). . w : 

Uiueacted monomer was discharged ands then the polymMzation solution was tzdcen , , 
out and i«-piecipitation with hexane.was done and the copolymer was separated, yacuuiii 
drying was conducted until the constants weight was reachedjisind 8.1 g of the copolymer 
was obtain^"' ' • v " 

In the results of analyses by *H-^JMR and *^-NMR, composition ratio of this copoly- 
mer was tetra fluoro ethylene / fluorine- containing noitK>nien,e derivative thafx^ 
-OH group (NB-2)/ fluorine- containing norbomene derivative that contains the - 
COOC(CH3)3 group (NBC-3) was 50/ 46/ 4 mol %. 

By the GPG analysis^ the measured number average inoleeular weight was 2(5()^ 

Example of Application 34 (Synthesis of the copolymer of tetra fluoro ethylene/ (NB4)/ 
(NBC-3)) 

A 500 ml autoclave attached with a stirring apparatus was thoroughly purged, >yith: 
nitrogen and then, by reducing the pressui»i ,250. ml of die HCFG44:lb solution of il5.3^^ 
of the fluorine- containing norbomene derivative that contains OH group (NB-2) and . 
17.3 g of the fluorine- containing norbomene derivative that contains -COOC(CH3)3 
group (NBC-3) which was obtained in Synthesis Example 3 was let into the autoplave^ 
Next, 52 g of tetra fluoro ethylene was let into this and then heating and stirring were 
done. AfterchecMng that the liquid temperature reached 40 deg C. HGF^-HlbjSp^^^^^^^ 
of 6.5 g of bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate (TCP) was pressed in. After 
this, at 40 deg C, reaction was let to go for 6 hours. With the progress of reaction, the 
gauge pressure dropped from 0.89 MPa G (9.0 k^/>cm^ G) before tiie-reaqtion to.p.87 
MPaG(8.8kgfircmtG). . 

Unieacted monomer was discharged ands then the polymerization solution was taken 
out and re-piecipitation with hexane was done and the copolyiner was separated. Vacuuin 
drying was conducted until the constant. weight was reached and 8.3 $ of the copolymer 
was obtained. : " . ■ 
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In the results of analyses by ^H-NMR and *^-NMR, composition ratio of this copoly- 
mer was tetra fluoro ethylene / fluorine- containing norbomene derivative that contains 
-OH group (NB-2)/ fluorine- containing norbomene derivative that contains the - 
COOC(CH3)3 group (NBG-S) was 50/ 36/ 14 mol %. 

By the GPC analysis, the iheasirffed number average molecular weight was 2600, 

Example of Application 35 (Syrithesis of the copolymer of tetra fluoro ethylene/ (NB-2)/ 
(NB-2(2)) 

A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with 
nitrogen and then, by reducing the pressure, 250 ml of the HCFC-141b solution of 27.5 g 
of the fluorine- containing norbomene derivative that contains OH group (NB-2) and 4.2 
g of the protected fluorine- containing noibornene derivative that was obtained in - 
Example of Application 28 (NB-2 (2)) was let into the Autoclave. Next, 52 g of tetra 
fluoro ethylene was let into this and then heating and stirring were done. After cheekingv 
that the liquid temperature reached 40 deg C, HCFC-141b solution of 6.5 g of bis (4. t- 
butyl cyclo hexyl ) peroxy dicarbonate (TCP) was pressed in. After this, at 40 deg C, 
reaction was let to go for 6 hours. With the progress of reaetidn, the gauge pressure 
dropped froih 0.89 MPaG (9.0 kg^cm-G) befo^^^ 
cn/o). ' 

Unreacted monomer was discharged ands then the polymerization solution was taken 
out and re-precipitation with hexane was done and the copolymer was separated. Vacuum 
drying was conducted until the constant weight was reached and 8.8 g of the copolymer 
was obtained. ^ 

In the results of analyses by ^H-NMR and ^^F-NMR, composition ratio of this copoly- 
mer was tetra fluoro ethylene / fluorine- containing norbomene derivative that contains 
-OH groiip (NB^2)/ protected fluorine- containing norbomene derivative (NB-2 (2)) was 
50/46/4mol%. 

By the GPC analysis, the measured number average molecular weight was 2700. . 

Example of Applicalioii 36 (!S>Tithesis of the copolymer of tetra^^^ ethylene/ (NB-2)/ 
(NB-2(2)) - 

A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with ^ 
nitrogen and then, by reducing the pressure, 250 ml of the HCFC-141b solution of 21.5 g 
of the fluorine- containing norbomene derivative that contains OH group (NB-2) and 
12.4 g of the protected fluorine- cdhtairiing norbomene derivative (NB-2 (2)) was let into 
the autoclave. Next, 52 g of tetra fluoro ethylene was let into this and then heating and 
stirring were done. After checking thiat the liquid tenaperature reached 40 deg G, HCFC- 
141b solution of 6.5 g of bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate (TCP) was 
pressed in. After this, at 40 deg C, reaction was let to go for 6 hours. With the progress of 
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reaction, the gauge pressure dropped from 0.89 MPa G (9,0 kgf^ cm^ G) before the 
reaction to 0.87 MPa G (8.8 kgf^ cm^G). 

Unreacted monomer Was discharged ands then the,i»lymeiizatiqn solution was tike^ , 
out and re-precipitation witit hexane was done and the copolymer was separated. Vacii^m 
drying was conducted until the constant weight was reached and 9.2 g of tiie.coppljTiie^ 
was obtainiid^ . i. . • 

In the results 6f analyses by *H-NMR and *'F-NMR, conippsition ratio of this copoly- 
mer was tetia fluoro ethylene / fluorine- containing norbomene deiiyatiye that contain^ 
-OH group (NB-2)/ protected fluorine- containing norbomene privative (NB-2 (2)) was^ 
50/39/lmol%. 

By the GPG analj^is; the measured-dumber average molecular 

Example of AppUcation 37 (Syntiiesis of die copolymer of tetra fluoro ethylene/ 
(NB-3(1)) 

A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with , 
nitoogen and then/by reducing the pressure, 250 ml of t^^ 

of tiie fluorine- containing notbomene derivative tiiat contains OH group (1^-3) whiiqh . 
was obtained in Example of Application 29 and 4.1 g of the protected fluorine- contain- 
ing norbomene derivative (NfB-3 (1)) that was obtained in Example of Application 30 ^ 
Was let into the autoclave. Next, 52 g of tetra fluoro ethylene was let into tiiis and then 
heating and stirring weie done. After checking tiiat die liquid temperature reached 40 deg 
C, HCFC-141b solution of 6.5 g of bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate 
(TCP) was pressed in. After this, at 40 deg C, reaction was let to go for 6 hours.^Witii the 
progress of reaction, the gauge pressure dropped from 0.89 MPa G (9.p kgf^ cm (j) 
before tiie reaction to 0.87 MPa G (8.8 kgf/em^G). - i'^']: -^^^-^-^i] 

Unreacted monomer was discharged ands then the polymerization solut|Qn Was t^en ^ 
out and re-precipitation with hexane was done and the copolymer was separated. Vacpm , 
drying was conducted until tiie constant weight was reached arid 8.8 g of the copolymCT 
was obtained. 

In the fesults of analyses by 'H-NMR and '^F-NMR, composition ratio oif this copoly-; 
mer was teti^a fluoro etiiylene / fluorine- containing norbomene derivative that contains , 
-OH group (NB-3)/ protected fluorine- containing norbomene derivative (NB-3 (1)) wa^ 
50/46/4mol%. 

By the GPC analysis, die measured number average molecular weight >ya^ 270*p., 

Example of Application 38 (Synthesis of tiie copolymer of tetia fluoro ethylene/ (NB-3)/ 
(NB-3(1)) . . ' 
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A 500 ml autoclave attached with a stirring apparatus was thoroughly purged with 
nitrogen and then, by reducing the pressure, 250 ml of the HCFC-141b solution of 20,7 g 
of the fluorine- containing norboniene derivative that contains OH group (NB-3) which 
was obtain«i in ExamjJle of Application 29 and 16.4 g of the protected fluorine- Gontainr 
ing norbdriiene derivative (^fB-3 (1)) that was obtained in Example of Application 30 
was let into the Autoclave. Next, 52 g of tetra fluoro ethylene was let into this and then, 
heating and stirring were done. After checking that the liquid temperature reached 40 deg 
C, HCFC-141b solution of '6.5 g of bis (4- 1- butyl cyclo hexyl ) peroxy dicarbonate 
(TCP) was pressed in. After this, at 40 deg C, reaction was let to go for 6 hours.^With- the 
progress of reaction, the gauge pressure dropped fi^om 0.89 MPa G (9.0 
before the ieacticin to 0.87 MPa G (8.8 kgf^ cm^ G). 

Unieacted monomer was discharged ands then the polymerization solution was taken 
out and re-precipitation with hexahe was done and the copolymer was separated. Vacuum 
drjdng was conducted until the constant wei^t was reached and 8.6 g of the copolymer 
wasobtamed. '^-r-y-.ioJ- -.a:.;; 

In the results of analyses by 'H-NMR and ''F-NMR, composition ratio of this copoly- 
mer was tetra flubro tsthylene / fluorine- containing norbomene derivative that contains 
-OH group (NB-3)/piwiVected fluorine- containing norboniene derivati (l))-^as 
50/ 32/ 18 mol %. ' ■ 

By the GPti afialj^iis; the measui^ number averaige molebulair: wei^t was 2900. , 
Example of Application 39 (Synthesis of the copolymer of tetra fluoro ethylene/ (NB- ^ ; , 

3)) ^-j: • 

In Example of Application 16, in place of the fluorine- containing norbomene that con-: 
tains OH group (NB-2) which was obtained in Example of Applicatibri 4, 40.0 gofflie , 
fluorine- containing norbomene that contains OH ^up (NB-3) which was obtained in 
Example of Application 29 was used. Other than this, the same procedure as in Example 
of Application 16 wais followed to conduct the reaction and the polymer was separated 
and purified in the saine way to obtain 5.5 g of the copolymer. 

In the results of analyses by 'H-NMR and ''F-NMR, composition ratio of this copoly- 
mer was TFE / fluorine- cofttainirtg nbrixmiene that contains -OH group CNBr3) was 50/ 
50mol%: 

By the GPC analysis, the measured number average molecular weight was 3500. 

Example of Appiication 40 (pKa measurement of various norbomene derivative ■ 
containing QH group) 

At first, the method of measuring pKa of the norbomene derivative containing OH 
group (NB-1) is shown as an example^ 
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Into the water/ acetone = 10/ 15 ml solution, 0.5846 g of the norbomene derivative con- 
taining OH group (NB-1) which was obtained in Example of Application 2 was put in 
and this was stirred at the room temperature. After checking that the solution was homo- 
geneous, titration was conducted with the NaOH solution of about 0.2 mol/ liter. The 
titration curve was obtained by dropping 0.15 ml of NaOH solution each time and record- 
ing the pH at this time. From the inflection point of the titration curve (the point of maxi^ 
mum value of the differential value (Translator's note: "differential value" should be 
"derivative value"?) of the titration curve = dpH/ dml), the equivalent point was deter- 
mined. In this case, the equivalent point was 8.45 ihL The pH that was read off ^rbto tht ' 
titration curve at half value of this, i.e. 4.23 ml, was 1 1.48. From the titration curve of 
water/ acetone solution and water solution, the pH difference due to the liiquid jiinctibn * 
potential difference at the time of 4.23^ 1.46. So, 1 1.48 - 1.46 = ib.2Md 

the pKa of this norbomene, den^ 

When 0.7235 g of norbomene (NB-1) was titrated by the same procedure, the eqiiiva-^ 
lent point was 1 1.2 ml, Vi equiyal^t point >yas 5.6 ml and, at the V^^i^iyalpnt point, pH 
became pH = 11.76. At 5.6 nil, the pH dijffereiicebetweeri tiife t^o soliAibns'Was 1.1^8 ^ 
and, froni 11 J.6 - 1.38 = 1Q.38, the pKaof noibomene derivative (NB-1) became lOA 

When 1 . 125 1 g of ijorbcCT (NB-I) was tifrlited fey tKie saine procedure; 

the equivalent point was 16^8 ml, i4 equivalent poiiit wais 8.4 ml and, at the equiyal^m 
point, the pH became pH = 11.37. The pH difference between thfe two solutions kt 8.4 itil 
was 1.21 and, from 1 1.37 - 1.21 =10.16, the pKa of nori^omene derivative (NB-1) 
became 10.2. 

From these 3 trials, pKii of this norbome^^ derivative (j{B-i) Was determined to be 

10.2. ' " . ' Z ... ' ' 

By using the similar technique, the pKa was measured and determined for the fliibrihe- 
containing norbomene derivative that contains OH group (NB-2) which was obtained in 
Example of Application 4 and the fluorine-containing norbomene derivative, that contains 
OH group (NB-3) which was obtained in^^i^^ Application 29, respectivd^lyJ 




pKa=l 0. 2 




NB-2 
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pKa — 8* 3 

Example of Application 41 (Measurement of transparency at the 157 nm wavelength) 

Using the fluorine- cpntaininjg polymers that were obtained in Examples of Appficatioh 
31 - 39, respectively, (1) Preparation of ttie coatijig cbmiidsitio^ and (3) 

Measurement of transparency of the ultraviolet region in vacuum were conducted by the 
same way as in Example of Application 12. Moleciilai: (extinction coefficient at 157 nm iis 
shown in Table 3. 

Example of Appiication 42 (Ey?ij^atipn of soliibility to ithe developiinent sollition) 

Using the fluorine- containing polymers that were obtained in Examples of Application 
31 39, respjeptively, (1) Separation reaction of the protective group, (2) Coating, and (3) 
Checking of the solubility, ^ 

Applicatipn 14/|iesults are^^^^ \V 

Example of Application 43 

Using the fluorine- containing polymers that were obtained in Examples of Application 
31 - 39, respectively, (1) Preparation of the resist cbmpositibn, (2) Coating, aaid (3) Mea^ 
surement of the transparency of ultra yiolet region in vacuum, were conducted by the 
same way as in Exaniple of Applicatipn 15. Results are shown in Table 3, 

Table 3.,/ / . . .. . '\'.^.y '^.^7 ' ' 
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* A: Partially dissolving 
**EA: Example of Application 
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Synthesis Exampte 4 (Synthesis bf the norbomene derivative that hasMiX)OH group 
(NBC-4)) . ' ' ' 

In a 2 liter flask having 4 openings and equipped with a thermometer, stirrer and drop- 
ping funnel, L2 liters of 1.0 N - NaOH water solution was added and this was kept 
below 10 deg C by an ice bath. To this, 158 g of the norbomene eonippund having -COF 
group which was obtained in Synthesis Example 1 was dropped slowly. After stirring for 
1 hour, 10 % hydrochloric acid water was added to make the pH of the mixture belpw 2;: 
By chlproformi, organic substance wa3 extracted and the chloroform layer was washcjd 
with water. After this, drying was done with anhydrous magiiesiuni sulfate, : 

After the drying, the organic layer was separated and, after removing methylene chip- 
ride by distillation, 125 g of the norbomene derivative having --COOH group which is an 
acid reaction group (NBC-4): i . 




COOH (NBC-4) 



(melting point 80 - 8i deg Cy0.5S^^^ 

For this comjpound, analyses wef-e conducted by GC-Mass, *H-NMR and ^^-NMR arid - 
the stnicture shown above was identified. 

Example oif Aijjilication 44 ($^ 

containing norbomene derivative that contains -COOH group (NBC-4) and the fluorine- 
containing norbomene derivative that contains -OCH2OC2H5 group (NB-2(1)) 

In Example of Application 18, in place df the fludrine- containing norbdiiierie deriva- 
tive that contains OH group (N B-2), 18 g of the fldoriri^-coritairiing ridrbdme 
tive that contains -<^OOH group (NBC-4) which was obtained in Synthesis Exaniple 4, 
333 g of the fluorine- containing norbomene derivative that contains -OCH2OC2H5 
group (NB-2(1)), 52.5 g of TFE, 6.5 g of TCP were usedv' Other thian these, the Siime pro- 
cedure as in Example of AppUcation 18 was followed to conduct the polymerization reac- 
tion, separation and purificiition of the polymer to obtain 4.0 g of the poljmaer: 

In the results of analyses by *H-NMR and ^^F-NMR, composition ratio of this copoly- 
mer was TFE/ the fluorine-cPntaitiirig nprbomene deriva-tive that contairisi^^ 
group (NBC-4) / the flliPriile- contmnirig norborri^ derivative that contiaiiis -OCHi©- ' 
C2H5 group (NB-2(1)) was 50/ 8^^^^ 

By the GPC analysis, the numbet average moleciilar weight was 2800: 
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Example of Application 45 (Synthesis of the copolymer of TEE and the.fluorine- - 
containing norbomene derivative that contains -COOH group (NBC-4) and the fluorine- 
containing norbomene derivative that contains -OCH2OC2H5 group (NB-2(1)) 

In Example of Application 44, 3.5 g of the fluorineK:ontaining norbomene derivative 
that contains -GOOH group (NBGt4), 29:6 g of the fluorine- contaimng norbomene 
derivative that contains -OCH2OC2H5 group (NB-2(1)) and 52:5 g of TEE were used. : 
Other than these, the same procedure as in Example of Applicatioii44 was followed to 
conduct the polymerization reaction and the separation and purigcation of thej .polymer 
and 5.0 g of the copolymer was obtained. 

In the results of analyses by *H-NMR and ^^F-hWvl^, composition ratio of this copoly- 
mer was TFE/ the fluorine-contiadning norbomene deri va-tiye that contains ^OOH ; 
group (NBC-4) / the fluorine- containing norbomene derivative that contains HOCH2O- 
C2H5 group (NB-2(1)) was 50/13/ 37 mol %, 

By the GPC analysis, the number average molecular weight was 3000. 

Example of Application 46 (Synthesis of the copolymer of tetra fluorp ethylene/ (lSfB-3)/ 
(NBC-1) 

In Example of Application 37, in place of the fluorine- cpntaining norbornene deriya- 
tive that contains -OCH2OC2H5 group (NB-3 (1)), 2.3 g of the fluorine- containing nor- 
bomene derivative that contains -COOC(CH3)3 group (fJBC-1), 31.1 g of the fluorine- 
containing norbomene derivative that contains -OH group (NB-3), 52.5 g of i tk and 6.5 
g of TCP were used. Other than these, the same procedure as in Hxample of Application 
37 was followed to conduct the polymerizatipn reaction and tlie s^par|^tion and^]g»||ri 
tion of the polymer and 4.2 g of the copplym 

In the results of analyses by H-NMR and TF-NMR, composition ratio of this copioly- 
merwasTFE/ the fluprine-contaimng nprbornene derivative t^^ 

(NB-3) / the fluorine- containing norbpmene derivative that.contains --C?P0(CH3)3 group 
(NBC-1) was 50/40/ 10 mpl%. : " ' 

By the GPC analysis, the numiter a^^ 

Example of Application 4,7 (Synthesis of the cppolymer of tetra flupi;p ethylene/ (NB-3)/ 
(NBC-1) 

In Example of Application 46, 2.3 g of the fluorine- cpntaining npit)brnene derivative 
that contains -^OOG(GH3)3 group (NBC-1), 31.1 g pf the fliiprin^pTCOiitaim 
nene derivative that contains -OH group (NB-3), 52.5 g of T^ g of TCP were ' 

used. Other than these, the same procedure as in Example of Application 46 was followed 
to conduct the polymerizatipn reaction and the separatipn suid puri^ 
and 5.0 g of the copolymer was obtained. 
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In the results of analyses by *H-NMR and ^^F-NMR, coniposition ratio of this copoly- . 
mer was THE/ the fluorine-containing norbomene derivative that contains -OH group 
(NB-3) / the fluorine- containing norbomene derivative that contains -COO(eH3)3 group 
(NBC-1) was 50/39/ 11 mol %. 

By the GPC analysis, the number average molecular weight was 2500 

Example of Applicatioii'48 (Synthesis of the copolymer of tetra fluorp ethylene/ (NB-3)/ 
(NBC-1) 

In Example of Application 47, 24.2 g of the fluorine-containing norbomene derivative 
that contains -OH group (NB-3), 7.0 g of the fluorine- containing norbomene derivative, 
that contains -COOC(CH3)3 group (NBC-1), 52:0 g of TFE and 6.5 g of TCP were used. 
Other than these, the same procedure as in Example of Application 46 was followed to 
conduct (he polymerization reaction and the separation and purification of the polymer 
and 4,8 g of the copolymer was obtained ' 

In the results of analyses by ^H-NMR and *^-NMR, composition ratio of this copoly- 
mer was TFE/ the fluorine-containing norbomene derivative that contains -OH group 
(NB-3) / the fluorine- containing norbomene derivative thait contains -COO(CH3)3 group 
(NBC-1) was 50/25/ 25 mol %. 

By the GPC analysis, the number average molecular weight was 3200. 

Example of Application 49 (Synthesis of the copolymer of tetra fluoro ethylene/ (NB-3)/ 
(NBC-1) 

In Example of Application 46, in place of NBC-1, 9.8 g of the fluorine- containing nor- 
bomene derivative that contains -COOC(CH3)3 group (NBC-3), 24.2 g of the fluorine^ 
containing norbomene derivative that contains group (NB-3), 52.5 g of THE arid 6^5 
g of TCP were used. Other than these, the same procedure as in Example of Application 
37 was followed to conduct the polymerization reaction and the separation ind purifick^ 
tion of the polymer and 4,7 g of the copolymer was obtained. 

In the results of analyses by ^H-N^IR and ^^-NMR, coniposition ratio of this copoly- 
mer was TFE/ the fluorine-containing norbomene derivative that contairis -OH group 
(NB-3) / the fluorine- containing norbomene dbrivative thk contains ^00(CH3)3 group ' 
(NBC-3) was 50/37/ 13 mol %, 

By the GPC analysis, the^number average molecular weight was 2500. 

Example of Application 50 (Measurernent of the transparency at the 157 riiii 
wavelength) 

Using the fluorine- containing polymers that were obtairied in Examples df Application 
44 ~ 49, respectively, (1) Preparation of the coating coniposition, (2) Coating arid (3) 
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Measurement of transparency of the ultraviolet region in vacuiim, were conducted by the 
same way as in Example of Application 12. The molecular extinction coefficient at 157 
nm is shown in Table 4. 

Example of Application 51 (Evaluation of solubility to the development solution) 

Using the fluorine- containing polymers that were obtained in Examples of Application 
44 - 49, respectively, (1) Separation reaction of the protective group, (2) Coating, and (3) 
Checking of the solubility, were conducted in the same way as in Exaniple of Application 
14. Results are shown in Table 4. 

Example of Application 52 

Using the fluorine- containing polymer (A) that was obtained in Examples of Applica- 
tion 44 49, (1) Preparation of the resist composition, (2) Coating, and (3) Measurement 
of transparency of the ultraviolet region in vacuum, were conducted in the same way as in 
Example of Application 15. Results are shown in Table 4. 



Table 4. 
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* A: Partially dissolving 
**EA: Example of Ai^lication 



Example of Application 53 

A 2 liter flask having 4 openings and equipped with a thermometer, stirrer and dropping 
funnel was dried After this, 210 g of dimethyl ester derived from 5- norbornene -2, 3- 
dicarboxylic acid anhydride and methanol (THF 100 ml. solution) iand 900 iril bf tetra 
hydro furan. (jri0^w added to the flask having 4 openings knd this was dipped in a 
water bath. To this, 420 g of trimethyl trifluoro methyl silahe was dropped, tal^hg 1 hoilr. 
At room temperature, this was stirred for 3 hours. After this, the reaction system was 
cooled with the ice bath again and 50 ml of the 1.0 M tetra hydro furan CTHF) solution of 
tetra butyl ammonium fluoride was added slowly. After stiriihg fot 1 hour, ah exceiss 
amount of 10 % hydrochloric acid water was added. Organic substance was extracted 
with methylene chloride and the methylene chloride layer was washed with water. Drying 
was done with magnesium sulfate anhydride. After the drying, the organic layer was 
separated and methylene chloride was removed by distillation. After this, by vacuum 
distillation, 150 g. of the reabtibn intermediate (Ixiiling point 60 - 65 deg C/ 2.7 nm^ 
was obtained. 
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Next, in continuation, 143 g of the said reaction intermediate and 400 ml of THF were 
added to a 1 liter flask having 4 openings and equipped with a thermometer^ stirrer and 
dropping funnel and this was dipped in a water bath at the room temperature. To this, 152 
g of trimethyl trifluoro methyl silane was dropped, taking 1 hour. At room temperature, 
stirring was done for 3 hours. After this, the reaction system was cooled again with the 
ice bath and 25 ml of the LO M tetra hydro furan (THF) solution of tetra butyl anmion- 
ium fluoride was added slowly. After stirring for 1 hour, an excess amount of 10 % 
hydrochloric acid water was added. By using methylene chloride, organic substance wais 
extracted and the methylene chloride layer was washed with water and next, drying was 
done with magnesium sulfate anhydride. After the drying, the prganic layer was separated 
and, after methylene chloride was removed by distillation, fractionation was conducted 
by vacuum disillatipnand and 85 g of the noibomene derivative haying -^(QF^yzQll 
group which is an acid reaction group: 



OH OH 

(boiling point 70 - 7f deg CI 1.70 mmHg) wiis obtaihedi . - ' ; 

For this compound, analyses were conducted by GC-Mass, *H-NMR and; ^^E-NMR and 
^H-NMR to identify the stmcture shown above. 

Example of Application 54 

In a 500 ml flask having 4 openings and equipped with a thermometer, stirrer and drop- 
ping funnel, 1.3 g of sodium hydride was placed and drying was done. To this, 150,ml of . 
well-dried tetra hydro fiiran put^) was put in and cooling was done with: an ice bath, Tq 
this, the solution of 22 g of di-furiciorial norbomene derivative (NB-4) that was obtained 
in Example of Application 53 and 150 ml of THF was dropped slowly, taking 1 hour. 
After the dropping was finished. Stirring was done for 3 hours; at the room; temperature 
and, after this, the reaction system was eobled again with the icp bath and ethoxy m^ 
chloride was added slowly. Stirring was done for 1 hour and, further, stirring was done at 
the room temperature overnight and, after this, an excess amount of 10 % hydrochloric 
acid water was added. The organic substance was extracted with methylene chloride and - 
the methylene chloride layer was washed with water and, jrfter this, drying waa dtine ,w^th^ 
anhydrous magnesium sulfate. After the drying, the organic layer was separated and, after 
removing methylene chloride by distillation,; vacuum distillation was conducted to. obtain 
15 g of the norbomene derivative having -OCCH2OCH2H5 group which is an acid reac- 
tion group (NB-5): 
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(boiling point 79 ~ 81 deg G/ 0.50 mihHgX 

For this comf)ound, analyses were conducted by GG-Mass,^H-NMR and^^^-NMR and 
^H-NMR to identify thle Structure shown above - 

Example of Application 55 (Syntfiesis of the copolymer of tetra fluoro ethyleh^ (NB-4) 

In Example of Application 46, in place of the fluorine- containing norbomene deriva- 
tive that contains OH group (NB-3), 46.9 g of the fluorine- containing norbomene deri- 
vative that contains -OH group (NB-4) which was obtained in Example of Application 
53, 52*5 g of TFE and 6.5 g of TCP were used. Other than these, the same pifocedure as in 
Example of Application 46 was followed to coiiduct the polymerization reaction and the ' 
separation and puriflcation of the polymer to obtain 5.3 g of die copolymer. 

In the results of analyses by *H-NMR and *%-NMR, composition ratio of this Cdpoly- . 
mer was TFE/ the fluorine-containing norbomene derivative that contains -OH group 
(NB-4) was 50/50 mol%. ^ 

By the GPC analysis, the number average molecular weight was 2400. 

Example of Application 56 (Synthesis of the copolymer of tetra fluoro ethylene/ (NB-5) 

In Example of Application 46, in place of the fluorine- containing norbomene deriva- 
tive that contains OH group (NB^3)ii59.6 g of the fluorine- containing norbornene deri- 
vative that contains -OH gxbup (NB-5) which was obtained in Example of Application 
54, 52.5 g of TFE and 6.5 g of TCP \yere used. Other than these, the same procedure as in 
Example of Application 46 was followed to conduct the polymerization reaction and the 
separation and purificatibn of the jpolymer to; obtain 5.3 g of the copolymer. ■ 

In the results of analyses by ^H-NMR and ^^F-NMR> composition ratio of this copply- : 
mer was TFE/ the fluorine-containing norbomene derivative that contains -OH group 
(NB-5) was 50/50 mol %. 

By the GPC analysis, the number average molecular weight w^ 



Use Poteittial in Industry 



The fluorine^ontaining polymer that is obtained by polymerization using the novel 
norbomene derivative of tiiis invention as tiie copolymerizing component has excellent 
transparency and improved resistance to dry etching and it is useful as the material for 
use in the chemically amplified photo resist for use with the F2 laser. 



